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and percentage of abnormal sperm in different subsets. Highest levels 
of DNA fragmentation were reported in immature spermatozoa with 
abnormal morphology.12

There are a number of studies that have characterized the proteome 
of isolated germ cell populations in animal models and provided 
invaluable insights into the mechanism of spermatozoa maturation. 
However, these studies can only provide us indirect evidence for human 
spermatozoa maturation.13–16 Human spermatozoa development is 
significantly different from that of these animal models. Compared to 
many of the animal models, spermatogenesis in human testis is very 
inefficient, being only 25% efficient. This is related to the number of 
maturation steps being significantly reduced to 8 and of these only 2 
are involved in nuclear remodeling.5,6,17 Human epididymal anatomy 
is unique when compared with that of other mammalian species: the 
caput epididymal segment is formed by a branched vas deferens; the 
corpus is not as thin as in other mammalian species; and the cauda 
epididymis does not possess the usual bulbous appearance.18 The 
protein profile from the human testis is quite different from that of the 
rat testis.19 Spermatozoa are terminally differentiated, highly specialized 
cells. They are transcriptionally and translationally inactive. As they 
traverse the epididymis, post-translational modifications occur during 
epididymal maturation. However, the biochemical processes driving 
these events are still not well understood as are the mechanisms 
associated with the pathological conditions that lead to defective sperm 
function and male infertility. Post-translational modifications (PTMs) 
are major components of the post-testicular events, involved in 

INTRODUCTION
Male infertility is a multi-factorial condition caused by gene mutations, 
chromosomal abnormalities, infectious diseases, varicocele, recurrent 
duct occlusion, radiation, and chemotherapy.1,2 However, in 50% of 
the cases, there is no identifiable cause of infertility and this condition 
is termed as idiopathic.3,4 Maturation of spermatozoa is a highly 
complex process that involves the initial process of spermatogenesis 
occurring in the testis. The latter process of sperm maturation occurs 
in the epididymis. It involves membrane and nuclear remodeling that 
result in sperm differentiation and acquisition of sperm motility.5 
Spermatozoa shed the excess cytoplasm before they are released in 
the epididymis.6

If these events are not completed in the testes, immature sperm that 
are destined to undergo apoptosis escape the elimination process in the 
testis and appear in the ejaculate.7–9 Abnormalities related to epididymal 
maturation may lead to teratozoospermia and asthenozoospermia.5,10,11 
Immature spermatozoa in the ejaculate exhibit cytoplasmic retention, 
increased production of reactive oxygen species  (ROS) and lipid 
peroxidation, in addition to the metabolic alterations reported in 
immature spermatozoa.6,12 Cell-to-cell variation in ROS production 
in spermatozoa prepared on a three-layer density gradient has been 
reported in both fertile and infertile men.6 Lowest levels of ROS were 
reported in mature, morphologically-normal spermatozoa from fertile 
donors compared to abnormal spermatozoa in fertile men and in 
fertile men with normal and abnormal semen parameters. Similarly, 
DNA damage was correlated with immature germ cell concentration 
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sperm development. PTMs involve both canonical PTMs such as 
phosphorylation or non-canonical pathways involving ROS.20–22

Proteomic tools such as two-dimensional electrophoresis (2-DE) 
have allowed the generation of large inventories of proteins present 
in the spermatozoa. In addition, liquid chromatography mass 
spectrometry  (LC-MS) also provides information on the peptide 
changes occurring in a given pathway.23–26

Currently, research is geared toward identifying protein 
markers from semen samples that can be helpful in explaining 
underlying problems with male infertility. Some studies in 
male infertility have employed proteomic techniques, such as 
2D-polyacrylamide gel electrophoresis (2D-PAGE), 2D-differential 
in gel electrophoresis  (2D-DIGE), and two-dimensional liquid 
chromatography-tandem mass spectrometry  (LC-MS/MS). 
These tools have allowed the identification of a large number of 
sperm-specific proteins.27 Proteomic analysis also provides us with 
a new method to find novel markers in the study of infertility, 
especially idiopathic infertile men who have normal semen 
parameters but are unable to father children. Frapsauce et al. used 
2D-DIGE and detected two proteins, laminin receptor LR 67 and 
L-xylulose reductase  (P34H) that may serve as biomarkers to 
distinguish idiopathic infertility from normal fertile men because 
of their important roles in gamete interaction.28 These approaches 
have increased our understanding of protein function involved in 
sperm processes such as motility, capacitation, acrosome reaction, 
and fertilization.29 We have reported a number of proteins that may 
be important in infertility patients exhibiting sperm dysfunction as 
a result of high levels of ROS.20,21,24–29

The density gradient separation method is the most common 
method used for obtaining highly motile, morphologically normal 
sperm for use in intrauterine insemination or assisted reproductive 
techniques  (ARTs).17 Sperm preparation by density gradient 
centrifugation separates sperm cells based on their density. 
Morphologically normal and abnormal spermatozoa have different 
densities. A  mature morphologically normal spermatozoon has 
a slightly higher density of 1.10  g ml−1 whereas an immature and 
morphologically abnormal spermatozoon has a lower density between 
1.06 and 1.09 g ml−1. At the end of centrifugation, each spermatozoon is 
situated at the gradient level that matches its density.17 In our previous 
study, we demonstrated that by using different density gradients, 
spermatozoa in the human seminal ejaculate can be separated into 
four fractions of sperm undergoing varying levels of maturation.6 As 
expected, with increases in motility and normal morphology in the 
four fractions, a decrease in the ROS levels and DNA fragmentation 
was observed,6,30,31 demonstrating that spermatozoa in the whole 
ejaculate can be separated into four stages of maturation according 
to their density.

In the present study, the goal was to identify proteins that 
were differentially expressed in immature and mature ejaculated 
spermatozoa obtained from ejaculated spermatozoa from fertile men 
after density gradient separation. The in-depth investigation of the 
maturation process in ejaculated spermatozoa will help us understand 
the heterogeneity that is present in the ejaculated sperm population. 
By comparing the protein profiles among the immature and mature 
fractions, we may be able to identify proteins that are important in 
spermatozoa maturation and fertilization. This may improve our 
understanding of the key processes of spermatozoa maturation that 
may become dysfunctional or altered in ejaculated spermatozoa in 
infertile men with various clinical diagnoses.

MATERIALS AND METHODS
Study subjects
Following the approval of the study by the Institutional Review Board 
of Cleveland Clinic, semen samples were collected from 12 proven 
fertile men. All fertile men provided written consent to be enrolled 
in the study.

Inclusion/exclusion criteria
Fertile healthy men with normal semen parameters who had fathered 
at least one healthy child within 2 years without assisted reproductive 
measures; aged 20–40 years. Each fertile subject selected in the study 
was asked to fill out a general questionnaire regarding their lifestyle 
habits, i.e.,  smoking, alcohol, recreational drugs, fever, medication, 
and prior history of illness. The selected fertile subjects had no adverse 
lifestyle conditions. Fertile men presenting with recurring fever in the 
90-day period prior to semen analysis and specimens with >1 × 106 
white blood cells ml−1 of seminal ejaculate were excluded to avoid the 
interference of leukocytes in semen samples.

Sample collection and semen analysis
Semen samples were examined according to 2010 World Health 
Organization  (WHO, 2010) criteria.32 All specimens were collected 
by masturbation at the Andrology Center after a period of sexual 
abstinence of 48–72  h and were allowed to liquefy completely for 
15–20 min at 37°C before further processing. Following liquefaction, 
manual semen analysis was performed using a MicroCell counting 
chamber  (Vitrolife, San Diego, CA, USA) to determine sperm 
concentration, percent motility, and the presence of round cells. 
Viability was determined by Eosin-Nigrosin stain. Smears of the semen 
were prepared, air-dried and were stained with a Diff-Quik kit (Baxter 
Healthcare Corporation, Inc., McGaw Park, IL, USA) for assessment 
of sperm morphology. Concentration of round cells in the wet smear 
was examined and if >1 × 106 ml−1 round cells were present; they were 
examined for the presence of white blood cells.

Leukocytospermia was confirmed by the peroxidase or the Endtz 
test.2 In brief, 20 µl of seminal ejaculate was mixed with 20 µl of 
phosphate buffered saline (PBS) and 40 µl of working Endtz solution in 
an amber colored Eppendorf tube and incubated for 5 min. The presence 
of white blood cells was done by examining the dark purple colored cells 
using a Makler chamber. Samples with concentration >1 × 106 white 
blood cells ml−1 of the semen was an indication of leukocytospermia 
and the sample was excluded.

Separation of immature and mature spermatozoa
For separating immature and mature sperm, a three-layer density 
gradient consisting of 2  ml of 40%, 60%, and 80% of the Upper 
Layer, Intermediate Layer and Lower Layer was prepared from the 
stock (100%) solution of the gradient with the SpermRinse medium. 
The gradient is antibiotic-free bicarbonate and HEPES buffered medium 
containing silane-coated, colloid silica particles, whereas the Sperm 
Rinse medium is bicarbonate and HEPES buffered medium containing 
human serum albumin and gentamycin as an antibiotic  (Vitrolife, 
San Diego, CA, USA). This is a slight modification from the two-layer 
density gradient method routinely used for preparing sperm for ART 
techniques, especially intrauterine insemination.17 Briefly, 1–2 ml of 
liquefied semen sample was carefully loaded on the 40% gradient and 
centrifuged at 300g for 20 min. The resulting interfaces between the 
seminal plasma and 40% (fraction 1); 40%–60% (fraction 2); 60% and 
80% (fraction 3) and the 80% pellet (fraction 4, mature fraction) were 
carefully aspirated  (Figure  1a), resuspended in human tubal fluid 
media (HTF, Irvine Scientific, Santa Ana, CA, USA) and centrifuged 
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at 300 ×g for 7 min. The pellets of each fraction were resuspended in 
0.5–1 ml HTF and the total sperm count, motility, and morphology 
were checked again.

Preparation of samples for proteomic analysis

Protein extraction
Spermatozoa from each fraction were centrifuged (300 ×g, 7 min) and 
washed with PBS for 3 times. Sperm count was calculated and samples 
from each fraction were pooled such that each sample contributed 
equally to the sperm pool. The spermatozoa from pooled or individual 
samples were solubilized in RIPA lysis buffer (Sigma-Aldrich, Santa 
Louis, MO, USA) containing the proteinase inhibitor cocktail (Roche, 
Indianapolis, IN, USA). The spermatozoa samples were stored 
overnight at 4°C to allow for complete lysis of the spermatozoa 
including the cell membranes. After centrifugation at 13 000 ×g for 
30 min, the supernatant was aspirated and the protein concentration 
was determined by using a BCA kit (Thermo, Rockford, IL, USA).

Proteomic analysis
A 25 µg aliquot of each sample mixed with SDS page buffer was 
boiled and a standard sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) was run on a 12.5% Tris-HCl gel (Bio-Rad, 
Hercules, CA, USA) with constant voltage of 150 V for 35 min. The 
gel was fixed for 30 min, washed with water thoroughly and stained 

with GelCode Blue  (Thermo, Rockford, IL, USA). For the protein 
digestion, the bands were cut to minimize excess polyacrylamide and 
divided into six smaller pieces. The gel pieces were then washed with 
water and dehydrated in acetonitrile. The proteins were reduced with 
dithiothreitol (DTT) and alkylated with iodoacetamide, and digested 
in‑gel using trypsin, by adding 5 µl 10 ng µl−1 trypsin in 50 mmol l−1 
ammonium bicarbonate and incubated overnight at room temperature 
to achieve complete digestion. The peptides that were formed were 
extracted from the polyacrylamide in two aliquots of 30 µl 50% 
acetonitrile with 5% formic acid. The extracts were combined and 
evaporated to <10 µl in Speedvac and then resuspended in 1% acetic 
acid to make up a final volume of ~30 µl for LC-MS analysis.

Liquid chromotography mass spectrometer analysis (LC‑MS)
The LC-MS system was a Finnigan LTQ-Orbitrap Elite hybrid mass 
spectrometer system (Thermo, Rockford, IL, USA). The HPLC column 
was a Dione × 15 cm × 75 µm internal diameter Acclaim PepMap C18, 
2 µm, 100 Å reversed phase capillary chromatography column (Thermo, 
Rockford, IL, USA). Five micro liters of the extract was injected and 
the peptides eluted from the column by an acetonitrile 0.1% formic 
acid gradient at a flow rate of 0.25 µl/min were introduced into the 
source of the mass spectrometer on-line. The microelectrospray ion 
source was operated at 2.5 kV. The digest was analyzed using the data 
dependent multitask capability of the instrument acquiring full scan 

Figure 1: Separation of immature and mature spermatozoa (a) after a three‑layer density gradient. (b) Sperm count, percentage of motility. Error bars represent 
standard deviations values for each parameter. (c) Sperm morphology before (Prewash) and after density gradient in each fraction. Error bars represent standard 
deviations values for each parameter. For 1c: Sperm morphology in various fractions is shown as: Prewash; Fraction 1 (F1); Fraction 2 (F2); Fraction 3 (F3); 
Fraction 4 (F4); and percentage of normal sperm morphology in each fractions. Error bars were shown as s.d. values of each parameter.
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mass spectra to determine peptide molecular weights and production 
spectra to determine amino acid sequence in successive instrument 
scans. Each sample was run 3 times to give the average of the errors.

Database searching
Tandem mass spectra were extracted by Proteome Discoverer 
version 1.4.1.288 (Thermo Fisher Scientific, San Jose, CA, USA). Charge 
state deconvolution and de-isotoping were not performed. All MS/
MS samples were analyzed using Mascot  (Matrix Science, London, 
UK; version  2.3.02), Sequest  (Thermo Fisher Scientific, San Jose, 
CA, USA; version 1.4.0.288) and X! Tandem (The GPM, thegpm.org; 
version CYCLONE (2010.12.01.1)). Mascot, Sequest and X! Tandem 
were set up to search the human reference with the database (33292 
entries) assuming the digestion enzyme trypsin. These searches were 
performed with a fragment ion mass tolerance of 1.0 Da, and parent 
ion tolerance of 10 parts per million (PPM). Carbamidomethylation 
of cysteine was specified as a fixed modification, and oxidation of 
methionine was specified as variable modifications.

To validate MS/MS-based peptide and protein identifications 
Scaffold (version Scaffold 4.0.6.1, Proteome Software Inc., Portland, 
OR, USA) was used. Peptide identifications were accepted if they could 
be established at >95.0% probability by the PeptideProphet algorithm 
with Scaffold delta-mass correction.33 Protein identifications were 
accepted if they could be established at >99.0% probability to achieve 
a false detection rate (FDR) <1.0% and contained at least 2 identified 
peptides. Protein probabilities were assigned by the ProteinProphet 
algorithm.34 Proteins that contained similar peptides and could not be 
differentiated based on MS/MS analysis alone were grouped to satisfy 
the principles of parsimony.

Quantitation of the relative abundance of protein in sperm
For proteomic analysis, the relative quantity of the proteins was 
determined by comparing the number of spectra, termed spectral 
counts, used to identify each protein. The selection of peptide ions for 
MS/MS analysis is based on the abundance of the peptides, therefore, 
the more abundant the protein in the sample, the more often peptides 
from this protein is selected for MS/MS analysis. The relative quantity 
of these proteins was determined by comparing the number of spectra, 
termed spectral counts, used to identify each protein. The numerical 
values used in the quantitation correspond to the normalized spectral 
abundance factor  (NSAF  =  SC/(ΣSC  ×  protein length). The error 
observed for the SC measurements is greater for lower abundant 
proteins compared to higher abundant proteins. Due to this, different 
filtering criteria were used to determine if proteins are differentially 
present based on the overall abundance. NSAF approach was applied 
prior to relative protein quantification.35,36

Identification of differentially expressed proteins
Appropriate filters were used to identify DEP that were dependent 
on the overall abundance of the proteins. It has been reported that 
accurate quantification and determination of real biological change 
is dependent on the number of SpCs and hence different constraints 
have to be applied to SpC levels in order to circumvent the biases 
and maintain a constant FPR for all proteins.37 The categorization of 
overall abundance along with the filtering criteria used for differential 
expression analysis is summarized in Table 1.

Bioinformatic analysis
Functional bioinformatics analysis was performed using publicly 
available software packages such as the Gene Ontology  (GO) 
Term Finder38 UNIPROT, STRAP,39 and Database for Annotation, 
Visualization and Integrated Discovery (DAVID) (http://david.niaid.

nih.gov) along with the proprietary pathway database, Ingenuity 
Pathway Analysis  (IPA) from Ingenuity® Systems, to identify the 
differentially affected processes, pathways, interactions and cellular 
distribution of the proteins in the four study fractions. Protein-protein 
interaction networks were generated using the IPA network generation 
algorithm. This algorithm generates sub-networks (and enlists the core 
functions associated with them) by identifying the interconnections 
between these significant proteins relative to all molecules they are 
connected to in the Ingenuity Knowledge database.

Western blotting analysis
The differentially expressed proteins of interest were verified in four 
individual samples using Western blotting analysis. For Western blotting, 
20 µg protein of each sample was loaded to a 4%–15% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis  (SDS-PAGE)  (Bio-Rad, 
Hercules, CA, USA). Proteins in the gel were transferred to 
polyvinylidene fluoride  (PVDF) membrane  (Thermo, Rockford, 
IL, USA) at 18 volts for 30  min on Trans-Blot® SD Semi-Dry 
Electrophoretic Transfer Cell  (Bio-Rad, Hercules, CA, USA). First 
antibodies were incubated at 4°C overnight, then the membranes were 
washed using Tris-buffered saline tween-20 (TBST) for 3 times 5 min 
each, second antibodies were incubated at room temperature for 1 h, 
another wash with TBST for 3 times 5 min each. Signal was developed 
using ECL Western blotting detection reagent (GE Healthcare, Life 
Sciences, Chicago, IL, USA) on X-ray film (Thermo, Rockford, IL). 
The expression of protein was compared with an internal reference of 
β-actin and compared between each research group and quantified 
using Image Lab™ software (Bio-Rad Inc., Hercules, CA, USA). Mouse 
β-actin monoclonal antibody  (sc-4778), rabbit clusterin polyclonal 
antibody  (sc-8354), goat anti-rabbit lgG-HRP  (sc-2004), goat anti 
rabbit lgG-HRP (sc-2005), and donkey anti goat lgG-HRP (sc-2005) 
were obtained from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, 
USA). Rabbit HSP 1A1 polyclonal antibody (H00003305-D01), mouse 
TEKT2 polyclonal antibody  (H00027285-B01), and mouse TEKT2 
polyclonal antibody  (H00064518-B01) were obtained from Abnova 
Inc. (Walnut, CA, USA).

Statistical analysis
The results were expressed as mean and standard deviations. To 
compare the differences from fraction 1 to fraction 4, we used 
Jonckheere–Terpstra test or the Jonckheere trend test. It is similar 
to the Kruskal–Wallis test where the null hypothesis is that several 
independent samples are from the same population. However, there 
is no priori ordering of the populations from which the samples are 
drawn. When there is a priori ordering, the Jonckheere test has more 
power than the Kruskal–Wallis test. In this test, there is no issue of 
normality and does not require log transformation of the data. The 
statistical analysis was performed using the Statistical Package for 
the Social Sciences (SPSS) Version 16.0 (SPSS, Chicago, IL, USA). 
Similarly, Jonckheere–Terpstra test was used in Western blot analysis 
of four proteins of interest. For proteomic analysis, we compared the 

Table 1: Criteria used to determine if proteins are differentially present 
in sperm samples

Abundance SC range NSAF ratio P

Very low 1.7–7 0.4–2.5 <0.001

Low 8–19 0.4–2.5 <0.01

Medium 20–79 0.5–2.0 <0.05

High >80 0.67–1.5 <0.05

SC: spectral count; NSAF: normalized spectral abundance factor
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DEP taking F4 as the baseline. Therefore, each fraction was statistically 
compared with F4 independently using t-test. A  difference was 
considered significant at P < 0.05. For IPA, P < 0.05 was used using 
the right-tailed Fisher’s exact test. This is inbuilt into the IPA software.

RESULTS
Motility and morphology changes in four fractions after density 
gradient
Twelve fertile men participated in this study. Semen parameters of 
these donors before separation on a three-layer density gradient 
were within normal range according to the WHO 2010 criteria. 
Results of sperm count, motility and morphology of different sperm 
fractions obtained before and after density gradient centrifugation 
are shown in Table  2 and Figure  1b. Motility and normal sperm 
morphology percentages were significantly increased from fraction 1 
to fraction 4 (P  <  0.01). Sperm morphology in various fractions 
is shown in Figure  1c. Compared to Prewash sample, Fraction 1 
was enriched with round cells and immature spermatozoa with 
abnormal head and cytoplasmic retention (F1, Figure 1c). Fraction 
2 contained immature spermatozoa with cytoplasmic retention 
and coiled tails (F2, Figure 1c). Fraction 3 contained a mixture of 
morphologically normal and abnormal spermatozoa. Most of the 
abnormal spermatozoa in this fraction had abnormal necks  (F3, 
Figure  1c). Fraction 4 had the most number of morphologically 
normal spermatozoa. Most of the abnormal spermatozoa in this 

fraction had minor abnormalities in their heads or necks  (F4, 
Figure 1c). The progressive improvement in sperm morphology from 
F1 to F4 is shown in the last panel of Figure 1c.

Global protein profiling for protein abundance, peptide coverage, and 
overall protein abundance
Pooling of samples is common in proteomic studies since the availability 
of semen sample is a major limitation that limits the use of an adequate 
number of individual samples. Therefore, protein normalization is very 
important to avoid sampling errors. To do this, the protein contribution 
must be from equal number of spermatozoa from each sample. Of the 
12 recruited donors, 4 of them had total sperm count in each fraction 
of more than 10 × 106. We pooled together the spermatozoa from each 
fraction of these four donors. In addition, we used two individual 
samples to validate the results of the pooled samples.

The proteomic study showed a total of 1469 proteins in the 
pooled samples, whereas 1856 and 1650 proteins were found in two 
individual samples  (Figure  2a). Of these proteins, 1207 proteins 
were found in both pooled and individual samples  (Figure 2a). Of 
the 525 proteins found only in individual sample 1 but not in pooled 
sample, 443 of them (84.4%) had spectral counts <8.0 in all of the four 
fractions, indicating that their expression levels are very low, and 345 
of them (65.7%) could be found in only one of the four fractions. Of 
the 399 proteins found only in individual sample 2 but not in pooled 
sample, 320 of them (80.2%) had spectral count values <8.0 (very low 
abundance), and 213 of them (53.4%) could be found in one of the 
four fractions only. Most of the proteins found in the two individual 
samples (84.4% and 80.2%) had very low expression levels (SC <8.0), 
which means that these proteins were not detected in pooled sample. 
This is because pooling may filter  (exclude) those proteins with 
very low abundance. This is clearly one of the advantages of pooling 
samples in proteomic assay – which is to avoid biological variation of 
individual samples.

Of the 1469 proteins detected in pooled fractions, 1169, 1106, 
1091, and 963 proteins were found in fraction F1, F2, F3, and F4, 
respectively. In the three replicates, the number of peptides identified 

Table 2: Sperm parameters before and after density gradient (n=12)

Parameters Prewash After wash P

F1 F2 F3 F4

Sperm count (×106) 189±110 17±22 34±20 25±21 44±30 0.279

Motility (%) 52±10 11±7 18±10 41±6 74±15 <0.001

Morphology (%) 5.4±0.5 1.0±0.7 1.6±0.5 4.2±0.8 11.6±1.1 <0.001

Round cell (×106) 1.28 0.87 0.12 0 0 <0.001

Data are presented as mean±s.d. P value showed the P values of Jonckheere–Terpstra trend 
test. F1: fraction 1; F2: fraction 2; F3: fraction 3; F4: fraction 4; s.d.: standard deviation

Figure 2: Venn diagram showing a total of 1469 proteins in the pooled samples. 1856 and 1650 proteins were found in two individual samples respectively (a). 
Of these proteins, 1207 proteins were found in both pooled and individual samples. Of the 525 proteins found only in individual sample 1 but not in pooled 
sample, (b) Western blotting showing HSP 70 1A, Clusterin, Tektin 2, and Tektin 3 β‑actin in four fractions (n = 4), (c–f) trend in protein expression in four 
fractions. Error bars represent standard deviations values for each parameter.
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in all the replicates was 73%, 76%, 73%, and 74% in fractions F1, 
F2, F3, and F4, respectively. The average number of peptides in the 
three replicates of each fraction was as follows F1 = 2–73, F2 = 2–65, 
F3 = 2–73, and F4 = 2–78. The peptide coverage was set at >40% for 
differentially expressed proteins and ranged from F1  =  40%–85%, 
F2 = 40%–80%, F3 = 40%–84%, and F4 = 40%–86%. Similarly, the cutoff 
for spectral count set as >7 for low abundance protein was 2456 (F1), 
1911 (F2), 132 (F3), and 3515 (F4). Total spectral count was 39 445 in 
F1, 39 239 in F2, 9361 in F3, and 40 049 in F4, respectively. The names 
of the proteins are listed in the Supplementary Table 1. The number 
of detected proteins decreased with the maturation of spermatozoa. 
A similar trend was seen in the two individual samples.

Besides the decrease in protein biosynthesis during spermatozoa 
maturation, proteins participating in proteolysis and cell cycle also 
decreased from fraction 1 to fraction 4, indicating that in fraction 1, 
during spermatozoal head condensation stage, protein ubiquitination 
was dramatic, and then, along with the progressive maturation, 

protein ubiquitination decreased gradually, and ubiquitination was 
almost complete in the most mature spermatozoa. This phenomenon 
could further explain the decrease in protein numbers in mature 
spermatozoa.

Similarly, of the 1469 detected proteins, 98 of them showed an 
increasing trend in expression levels. Functional bioinformatics 
annotation analysis showed these proteins take part in the reproductive 
cellular process, gamete generation, cell projection, cell motility, and 
oxidative phosphorylation, all of which are related to the acquisition 
of the reproductive ability. Key biological processes associated with 
proteins that show increasing trend during spermatozoa maturation 
were analyzed by DAVID (Table 3) showed that some proteins, such 
as A-kinase anchor proteins (AKAPs), dynein heavy chain proteins, 
and ropporin were equally present in these processes, indicating 
that these processes are linked together during the spermatozoa 
maturation process. These processes coincide with the general process 
of spermatozoa maturation.

Table 3: Key biological processes associated with proteins that show increasing trend during spermatozoa maturation

Biological processes Accession 
number

Gene 
symbol

Spectral abundance NSAF ratio

F1 F2 F3 F4 F1/F4 P F2/F4 P F3/F4 P

Reproductive cellular process O75969 AKAP3 81.3 87.7 144 160.7 0.4988 0.0001 0.5539 0.0002 0.8582 0.0562

P10323 ECHS1 62.7 69.7 86.7 96.7 0.6314 0.0093 0.6646 0.0104 0.9952 0.9496

P56597 NME5 12.3 17.3 30.7 37.3 0.2722 0.0002 0.3790 0.0007 0.6843 0.0315

Q9BS86 ZPBP 188.3 209.3 270.7 348.7 0.5027 0.0007 0.5503 0.0008 0.7331 0.0223

Gamete generation Q13939 CCIN 0 0 6.7 26.3 0.0000 0.0001 0.0000 0.0001 0.2493 0.0022

P59910 DNAJB13 12.7 15.3 20.7 26.7 0.4123 0.0055 0.4749 0.0072 0.7561 0.3709

P56597 NME5 12.3 17.3 30.7 37.3 0.2722 0.0002 0.3790 0.0007 0.6843 0.0315

O75602 SPAG6 62 61.7 74 93 0.6098 0.0353 0.6575 0.0834 0.7685 0.1502

Q8N0X2 SPAG16 1.3 2.3 4.3 19 0.0636 0.0009 0.1164 0.0036 0.2430 0.0013

Q9BZX4 ROPN1B 16.3 15.7 44 48 0.3624 0.0062 0.3327 0.0062 0.7864 0.1617

Cell projection O75969 AKAP3 81.3 87.7 144 160.7 0.4988 0.0001 0.5539 0.0002 0.8582 0.0562

Q5JQC9 AKAP4 199.3 276.7 338.3 432.3 0.4526 0.0000 0.6471 0.0021 0.7507 0.0020

O14645 DNALI1 27.7 34.7 38 50.7 0.4894 0.0056 0.6828 0.0117 0.7465 0.1003

Q8TD57 DNAH3 2.3 5 9 36.7 0.0589 0.0001 0.1273 0.0000 0.2159 0.0001

Q8WXX0 DNAH7 17.3 26 29.7 121 0.1356 0.0001 0.2074 0.0001 0.2123 0.0001

Q9UFH2 DNAH17 141 162 234.3 428.3 0.3430 0.0008 0.3672 0.0009 0.4407 0.0015

Q5JVL4 EFHC1 3.3 6.3 13.3 27.7 0.1195 0.0059 0.2200 0.0112 0.4891 0.0741

O75602 SPAG6 62 61.7 74 93 0.6098 0.0353 0.6575 0.0834 0.7685 0.1502

Q8N0X2 SPAG16 1.3 2.3 4.3 19 0.0636 0.0009 0.1164 0.0036 0.2430 0.0013

Q9H1X1 RSPH 9 23 26.3 41 50.3 0.4276 0.0001 0.4633 0.0001 0.9085 0.3493

Q9BZX4 ROPN1B 16.3 15.7 44 48 0.3624 0.0062 0.3327 0.0062 0.7864 0.1617

Cell motility Q5JQC9 AKAP4 199.3 276.7 338.3 432.3 0.4526 0.0000 0.6471 0.0021 0.7507 0.0020

Q8TD57 DNAH3 2.3 5 9 36.7 0.0589 0.0001 0.1273 0.0000 0.2159 0.0001

Q8WXX0 DNAH7 17.3 26 29.7 121 0.1356 0.0001 0.2074 0.0001 0.2123 0.0001

Q9UFH2 DNAH17 141 162 234.3 428.3 0.3430 0.0008 0.3672 0.0009 0.4407 0.0015

Q9UIF3 TEKT2 43 52.3 71.7 84 0.4748 0.0019 0.7754 0.0044 0.9622 0.4859

Q9BXF9 TEKT3 87.3 96 130 168 0.6103 0.0035 0.7050 0.0038 0.8448 0.0383

Q9BZX4 ROPN1B 16.3 15.7 44 48 0.3624 0.0062 0.3327 0.0062 0.7864 0.1617

Generation of energy 
oxidative phosphorylation

P36542 ATP5C1 35 35.7 45.6 59 0.5285 0.0018 0.5609 0.0012 0.7742 0.0182

P38117 ETFB 30 39 42.7 52 0.5530 0.0108 0.6974 0.0443 0.8959 0.1351

P19367 HK1 307 384.7 464.3 610.7 0.4962 0.0000 0.6021 0.0001 0.6807 0.0001

P50213 IDH3A 50.3 64.7 76 89 0.5474 0.0054 0.7015 0.0378 0.8732 0.1735

P28331 NDUF S1 58.3 91.7 102.3 103.3 0.3832 0.0001 0.9070 0.2075 0.8619 0.0837

Q00325 SLC25A3 8.3 14.7 14.7 23.3 0.3458 0.0027 0.5712 0.0590 0.5884 0.0225

P29803 PDHA2 58.3 84.7 74.3 103.3 0.5226 0.0079 0.7820 0.1580 0.6976 0.0241

P36873 PPP1CC 35 43.7 43 63 0.5015 0.0020 0.6101 0.0055 0.6975 0.0610

Q9P2R7 SUCLA2 29.3 45 52 59 0.3836 0.0067 0.6495 0.0627 0.7844 0.1632

F1: fraction 1; F2: fraction 2; F3: fraction 3; F4: fraction 4; NSAF: normalized spectral abundance factor
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Top pathways and networks for proteins that increase or decrease 
during the sperm maturation process
A majority of proteins with increasing trend during the process 
of spermatozoa maturation were observed to be involved in the 
reproductive cellular process, gamete generation, cell projection, 
cell motility, energy metabolism, and oxidative phosphorylation. 
In parallel, most of the proteins with decreasing trends during the 
spermatozoa maturation process took part in protein biosynthesis, 
protein transport, protein ubiquitination, and response to oxidative 
stress. Proteins with increasing and decreasing trend associated with 
each process are listed in Tables 3 and 4, respectively.

To gain insights into the relationship among these proteins that 
show either increasing or decreasing trends in expression during the 
spermatozoa maturation process, protein-protein interaction networks 
were generated using the IPA network generation algorithm. From a 
list of top networks generated using IPA, we selected the sub-networks 
associated with the functions that were more pertinent to the maturation 
process. For the proteins exhibiting increasing trends, IPA analysis 
showed that these proteins mainly participate in three networks. These 
were: (1) 12 proteins participating in free radical scavenging, molecular 
transport, developmental disorder;  (2) 9 proteins participating in 
cellular development, embryonic development and organ development; 
and  (3) 1 protein involved in cell morphology, organ morphology, 
reproductive system development and function. We selected the 
2nd sub-network for further analysis because cellular development is 
one of the key processes during sperm maturation. Therefore for the 
proteins with increasing levels of expression as spermatozoa mature, 
9 proteins were identified in this network (Supplementary Figure 1a).

The interaction network was associated with reproductive processes 
such as ACR: acrosin; AKAP3: a kinase anchor protein 3; AKAP4: a 
kinase anchor protein 3; ALAT: dihydrolipoamids S-acetyltransferase; 
PDHA2: pyruvate dehydrogenase  (lipoamide) alpha 2; PRSS12: 
protease, serine, 12; SLC 25A3: solute carrier family 25 (mitochondrial 
carrier; phosphate carrier), member 3; SPAG6: sperm associated 
antigen 6; SPAG 16: sperm associated antigen 16. These are associated 
with cellular processes, gamete generation, cell projection, cell motility, 
and generation of energy via oxidative phosphorylation.

Similarly, for the proteins exhibiting a decreasing trend, IPA 
analysis showed these proteins to participate in three networks. These 
are: (1) 23 proteins participating in cellular assembly and organization, 
cellular function and maintenance, cellular movement; (2) 18 proteins 
involved in infectious disease, cellular movement, hair and skin 
development and function; and  (3) 7 proteins that were involved 
in molecular transport, protein trafficking, cellular assembly and 
organization. We selected the 3rd  sub-network for further analysis 
because the molecular and protein synthesis and transport are gradually 
paused or becomes inactive during sperm maturation as spermatozoa 
become fully mature and transcriptionally inactive. Therefore for the 
seven proteins with decreased expression identified during sperm 
maturation, molecular transport and cellular assembly functions network 
were exportin-1 (XPO1), exporting-2 (CSE1L), importin subunit beta 
1 (KPNB1), cytoplasmic proteins counteracting oxidative stress such 
as the peroxiredoxin 1 (PRDX1), peroxiredoxin 2 isoform a (PRDX2), 
and peroxiredoxin-4 precursor  (PRDX4) and RAN binding protein 
1 (RANBP1) that forms a complex with Ras-related nuclear protein (Ran) 
and metabolizes guanoside triphosphate (Supplementary Figure 1b).

Validation of protein expression by Western blotting
From the list of proteins that showed increasing or decreasing trends 
during the spermatozoa maturation, we selected 4 that are involved 

in key processes such as spermatozoa maturation and those that have 
been corroborated by other studies, for Western blotting validation. 
HSP 70 1A showed decreasing trends during spermatozoa maturation 
and was shown to take part in the response to oxidative stress. Tektin 
2 and tektin 3 showed progressively increasing expression during 
spermatozoa maturation and were demonstrated to take part in motility 
acquisition. In addition, we selected a protein, clusterin, which did not 
show significant difference among four fractions in proteomic analysis, 
but was previously demonstrated by many other studies as an important 
protein for spermatozoa maturation.

Western blotting results confirmed and validated our findings 
from the proteomic analysis. Further, these results showed decreased 
expression levels of HSP 70 1A, while tektin 2 and tektin 3 expression 
levels were increased during spermatozoa maturation  (Table  5). 
However, clusterin showed increasing trend from fraction 1 to 
fraction 3, and decreased from fraction 3 to fraction 4 (Figure 2b–2f).

DISCUSSION
Obtaining human germ cells at different maturation stages is a big 
challenge. The ideal situation would be to conduct a proteomic 
study using different stages of sperm maturation such as gonocyte, 
spermatocyte, spermatid, and spermatozoa. However, this is not 
feasible without the use of invasive techniques. That is why no work 
has been done in this area. Even in animal studies, density gradient 
has been used for separating spermatozoa with different development 
stages in testis. Therefore, a proteomic study of human spermatozoa in 
different stages of maturation is necessary for a complete understanding 
of the process of spermatozoa maturation.

During spermatozoa maturation, nuclear histones are 
replaced by protamine, spermatozoa head is condensed, and extra 
cytoplasm is excluded gradually.5 Spermatozoa density increases 
proportionately with the maturation process, where the most mature 
and morphologically normal spermatozoa or the highest-quality 
spermatozoa display very high motility and are concentrated at the 
bottom of the sperm preparation media with the highest density. 
While it is true that spermatozoa in each fraction are not pure, 
and cell sorting technology or antibody labeled magnetic beads 
to enrich cells with different maturation stages would be ideal for 
sorting and separation of immature and mature cells, both the above 
techniques are not feasible in the present study. This is because of 
the fact that antibody availability for each stage of spermatozoa 
maturation is not available, and more importantly after sorting, 
cell numbers in each fraction would be too small for extraction 
of the proteins. Many of the studies, including our two previous 
studies6,12 have demonstrated that density gradient can separate 
spermatozoa at different maturation stages.6,12,17,30,31 Obtaining 
mature, morphologically normal, motile sperm with minimum 
DNA damage by sperm preparation on a density gradient is the most 
common accepted procedure in assisted reproductive laboratories 
for intrauterine insemination and in vitro fertilization.

We did not measure ROS levels in this study, as we have already 
reported the cell-to-cell variation in ROS levels in four fractions of 
sperm cells separated by a three-layer density gradient from samples 
obtained from fertile men as well as infertile men with normal and 
abnormal semen parameters and leukocytospermia.6 Similarly, we had 
also demonstrated chromatin damage measured by sperm chromatin 
structure assay in the same study groups in our earlier work.12 Sample 
limitation prevented us from repeating this again in our present study 
as this restricted the availability of the semen sample for proteomic 
study and Western blot analysis.
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Table 4: Key biological processes associated with proteins that show decreasing trend during spermatozoa maturation

Biological processes Accession 
number

Gene 
symbol

Spectral abundance NSAF ratio

F1 F2 F3 F4 F1/F4 P F2/F4 P F3/F4 P

Protein biosynthesis P62277 RPS13 11.7 10.7 3.7 0 F1 only 0.0000 F2 only 0.0072 F3 only 0.0127

P62249 RPS16 14.3 16.3 4 0.7 24.4237 0.0001 23.4483 0.0001 5.6186 0.2280

P15880 RPS2 11.7 14.7 10 5 8.5094 0.0032 10.1524 0.0345 4.4528 0.0457

P62851 RPS25 11.3 9.7 7.3 0 F1 only 0.0005 F2 only 0.0007 F3 only 0.0204

P23396 RPS3 25.3 24.3 7.7 5.3 4.5152 0.0008 4.2447 0.0004 1.3755 0.4162

P61247 RPS3A 17 9.7 4 0 F1 only 0.0164 F2 only 0.1951 F3 only 0.1593

P62241 RPS8 15.3 14.3 11 0 F1 only 0.0053 F2 only 0.0007 F3 only 0.0000

P08865 RPSA 31 30.7 19.3 3.3 9.3007 0.0017 9.4672 0.0033 5.8201 0.0088

P30050 RPL12 23.3 26 11.7 10.7 1.9642 0.0042 2.5171 0.0005 0.7111 0.0951

P26373 RPL13 22.7 18.7 5.7 0 F1 only 0.0113 F2 only 0.0270 F3 only 0.0049

Q02543 RPL18A 10 8 0 0 F1 only 0.0003 F2 only 0.0004 0/0 NA

P84098 RPL19 14.7 13.7 2 0.7 18.0734 0.0018 17.6204 0.0015 2.0091 0.6763

Q9Y3U8 RPL36 9.3 4.7 0 0 F1 only 0.0090 F2 only 0.1188 0/0 NA

Q02878 RPL6 23.7 14.7 10.3 0 F1 only 0.0011 F2 only 0.0015 F3 only 0.0055

P62424 RPL7A 18.7 13.7 7.7 0 F1 only 0.0021 F2 only 0.0141 F3 only 0.0325

P29692 EEF1D 44.7 34 20.3 4.7 10.4229 0.0011 7.6867 0.0007 4.9502 0.0026

P26641 EEF1G 172 155.7 106.7 47 3.5548 0.0002 3.3441 0.0007 2.0279 0.0151

Q14152 EIF3A 10 9.7 1 0 F1 only 0.0278 F2 only 0.1315 F3 only 0.3739

P41252 IARS 10.7 3 0 0 F1 only 0.0007 F2 only 0.1165 0/0 NA

P56192 MARS 12.3 4.7 0.7 0 F1 only 0.0000 F2 only 0.0071 F3 only 0.3739

P23381 WARS 16 19 8.3 0.7 18.0083 0.0042 24.4259 0.0115 9.8971 0.0021

P26640 VARS 165.7 141 28 1.7 120.5955 0.0000 93.7500 0.0000 15.0864 0.0013

Cell cycle and proteolysis process P62333 PSMC6 14.7 10.3 4 4 3.4674 0.0223 2.5129 0.0828 1.7191 0.1755

P43686 PSMC4 14.7 10 6.3 6.3 2.1244 0.1790 1.4300 0.5347 1.7094 0.3246

P62195 PSMC5 13 11.7 0 0 F1 only 0.0001 F2 only 0.0028 F3 only 0.1391

Q99460 PSMD1 72 37 22.3 22.3 2.8593 0.0056 1.5456 0.0089 0/0 NA

O00232 PSMD12 9.7 4.7 0 0 F1 only 0.0338 F2 only 0.0009 F3 only 0.1297

Q9UNM6 PSMD13 30.7 27.3 4.7 4.7 5.3299 0.0042 4.9343 0.0016 3.5738 0.0291

O00487 PSMD14 14.3 13.3 2.3 2.3 5.5775 0.0042 4.9623 0.0171 3.3563 0.0502

O43242 PSMD3 29 16.3 0 0 F1 only 0.0000 F2 only 0.0070 0/0 NA

P51665 PSMD7 28.3 31.7 8 8 3.3361 0.0849 3.6847 0.0374 2.4716 0.1728

Q14204 DYNC1H1 34.3 5.7 1.7 0 F1 only 0.0000 F2 only 0.0202 F3 only 0.3739

Q13561 DCTN2 15.3 11 5.7 0 F1 only 0.0004 F2 only 0.0365 F3 only 0.0050

Protein transport Q10567 AP1B1 19.7 14.7 0 0 F1 only 0.0125 F2 only 0.0114 0/0 NA

P51572 BCAP31 12.3 7 1.7 0 F1 only 0.0020 F2 only 0.1462 F3 only 0.1385

O14980 XPO1 11 8 0 0 F1 only 0.0037 F2 only 0.0007 0/0 NA

P55060 CSE1L 25.7 18.7 1.3 1.3 19.7692 0.0002 18.9241 0.0140 1.1402 0.9308

O60763 USO1 14 7 0 0 F1 only 0.0080 F2 only 0.0125 0/0 NA

Q14974 KPNB1 100.3 75.7 72 39.7 2.4714 0.0018 1.8296 0.0179 1.4384 0.0688

Q8NFH5 NUP53 9.3 8.3 6.7 5.3 1.7902 0.1388 1.5087 0.0432 1.5898 0.1257

P62820 RAB1A 17.7 14.3 8 6.3 3.1902 0.0073 2.3839 0.1009 1.2200 0.6582

P51148 RAB5C 9.7 4 0 0 F1 only 0.0010 F2 only 0.0346 0/0 NA

P20340 RAB6A 21.3 20 12.3 6 3.2097 0.0217 3.1916 0.0170 1.5022 0.4432

O75396 SEC22B 16.3 8.7 4.3 0 F1 only 0.0003 F2 only 0.0031 F3 only 0.1552

Q10567 AP1B1 19.7 14.7 0 0 F1 only 0.0125 F2 only 0.0114 0/0 NA

Response to oxidative stress P12277 CKB 35.3 10 3 0 F1 only 0.0041 F2 only 0.0036 F3 only 0.0041

P00390 GSR 13.7 9 3.7 0 F1 only 0.0001 F2 only 0.0002 F3 only 0.1434

Q07439 HSP 70‑1 95 73.7 71 52.3 1.7604 0.0004 1.8898 0.0014 1.3292 0.6979

P06858 LPL 15 8 6.3 4 3.5242 0.1803 2.1049 0.2992 1.6459 0.3311

Q06830 PRDX1 35 28 15 12.7 2.5408 0.0021 2.4163 0.0198 0.8168 0.5132

P32119 PRDX2 21.3 15 6.3 2 10.9680 0.0009 9.2158 0.0097 2.3890 0.4155

Q13162 PRDX4 55.7 55 47.7 34.3 1.4481 0.0289 1.5010 0.0079 1.2698 0.1119

P30041 PRDX6 43.3 33 26 6.7 6.2599 0.0019 4.8797 0.0008 3.6061 0.0106

Q15084 PDIA6 76.3 68.3 68 43 1.8384 0.0355 1.6388 0.0489 1.7497 0.0579

P62714 PPP2CB 16 9.3 4 4 3.9402 0.0129 2.1739 0.1859 1.0724 0.9319

Q86VQ3 TXNDC2 9.3 9 6 0 F1 only 0.0003 F2 only 0.0017 F3 only 0.0016

P12277 CKB 35.3 10 3 0 F1 only 0.0041 F2 only 0.0036 F3 only 0.0041

P00390 GSR 13.7 9 3.7 0 F1 only 0.0001 F2 only 0.0002 F3 only 0.1434

F1: fraction 1; F2: fraction 2; F3: fraction 3; F4: fraction 4; NSAF: normalized spectral abundance factor; NA: not available
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Proteomic study of pooled samples showed results similar to 
individual samples. 82.2% of the proteins could be found in both 
pooled and individual samples. Most of the proteins found only in 
the individual but not in pooled sample showed very low expression 
levels and could only be found in one of the four fractions. These 
data demonstrate that pooled samples are a good representative of 
the abundant proteins observed in individual samples. In proteomic 
studies, pooling is an important strategy. There are numerous studies 
in the literature that highlight the advantages of pooling samples when 
it is not feasible to analyze individual samples either due to limitations 
of the sample or the study design. It has been shown that pooling 
can reduce biological variations in studies such as two-dimensional 
differential in gel electrophoresis (2D-DIGE).40,41 A detailed evaluation 
of the benefits of pooling of samples was conducted by Diz et al.42 
The authors concluded pooling of samples can provide similar results 
when compared to an individual analysis. These studies showed that 
although some information from the individual samples may be missed, 
pooled samples have the advantage of reducing biological variance and 
resource constraints.

In our proteomic study, we have shown that fraction 1 had the 
most abundant proteins. The numbers of detected proteins decreased 
proportionally to the maturation stage of spermatozoa. This finding 
was confirmed by bioinformatics analysis, that the expression levels of 
proteins involved in protein biosynthesis showed decreased expression 
according to the maturation stage of the spermatozoa. Our results 
showed that many of the ribosomal proteins showed decreasing trends. 
We believe that the decrease of ribosomal proteins could be due to 
both the loss of cytoplasm and the decrease of its expression. The loss 
of cytoplasm (along with the ribosomes) could further exacerbate the 
decrease of protein synthesis.

In fraction 4, some of the ribosome protein expression levels 
were decreased to very low or even non-existent levels. Many studies 
have shown that during spermatozoa maturation, transcription and 
translation are decreased because of post-meiotic DNA packaging and 
removal of the excessive cytoplasm.5,43 Our present results confirm 
that the number of expressed proteins is significantly decreased in 
mature spermatozoa. Our results of DAVID analysis demonstrated 
11 proteins that take part in the decreasing trends of cell cycle and 
the proteolysis process (as shown in Table 4) that shows key biological 
processes associated with proteins that display a decreasing trend 
during spermatozoa maturation. In this table, we have demonstrated 
that 9 of the 11 proteins are regulatory subunits of the 26S proteasome.

Most of the proteins involved in this process were 26S protease 
regulatory proteins. 26S proteasome, in collaboration with ubiquitin, 
operate the energy-dependent and well-regulated proteolytic 
degradation of a variety of oncoproteins, transcription factors, cell 
cycle specific cyclins, cyclin-dependent kinase inhibitors, ornithine 
decarboxylase, and other key regulatory cellular proteins in eukaryotic 

cells.44,45 Studies have highlighted the importance of the 26S proteasome 
in various intractable diseases, such as cancer and heart disease.46 
However, the role of 26S protease regulatory proteins in spermatozoa 
maturation, or in sperm function is not reported. Since oxidative stress 
and DNA fragmentation are higher in immature spermatozoa than in 
mature spermatozoa,6,30 and the 26S proteasome complex takes part 
in multiple cellular events including apoptosis, immune response, and 
DNA damage response,45 we deduce that besides protein ubiquitination 
and cell cycle arrest, these 26S proteosomal proteins might also take 
part in oxidative stress response and apoptosis of the immature 
spermatozoa. However, the exact function of 26S protease regulatory 
proteins in spermatozoa maturation needs further exploration.

Proteins such as importin, exportin, and ras-related proteins 
(Rab-1A isoform 1a; Rab-5C isoform b and ras–related Rab-6A isoform 
a, that take part in protein transport were observed to decrease as the 
spermatozoa matures. Our results show that during sperm maturation, 
along with decreased protein biosynthesis and the establishment of 
sperm homeostasis during spermatogenesis, protein transport declines 
as the sperm prepare for fertilization. During spermatogenesis, frequent 
nucleocytoplasmic transport has been reported. However, this process 
is almost paused or stopped in mature sperm, and can be activated 
after fertilization.47,48 Importin beta 1 (KPNB1) was also found to be a 
key point for the molecular transport and cellular assembly functions 
network.

Response to oxidative stress during spermatozoa maturation 
has been well-studied. It is well-known that immature spermatozoa 
especially those with the presence of excessive residual cytoplasm 
demonstrate higher ROS level than mature spermatozoa.6,12,30,31,49 The 
present study also found that many proteins were decreased along 
with the decrease in ROS level during the process of spermatozoa 
maturation. Of these proteins, we selected a well-studied protein, 
HSP 70 1A for the validation of our proteomic results using Western 
blotting. Various isoforms of HSP 70 have been known to be present 
in stage-specific and developmentally-regulated manner during 
spermatogenesis and spermatozoa maturation in mouse, rat, claw 
crayfish, and human.50–54 All these results show that HSP 70 has a higher 
expression level in immature spermatozoa than in mature spermatozoa. 
Both our proteomic results and Western blotting results demonstrate 
that HSP 70 1A had similar trend in expression as reported in the 
other studies.53,54

Flagellum development is one of the most important events in 
spermatozoa maturation. The principle piece of flagellum, which 
makes up about three-fourth of the length of flagellum, is comprised 
of the fibrous sheath. Nearly half of the proteins in fibrous sheaths 
isolated from mouse sperm include AKAP4.55 AKAP4 and AKAP3 
have anchoring sites for cAMP-dependent protein kinase.56,57 AKAP3 
also anchors ropporin, a spermatogenic cell-specific protein that is 
linked through rhophilin to the small GTPase Rho.58 AKAPs and their 
anchoring proteins are thought to be serine-threonine phosphorylation 
in response to cAMP signaling pathway which regulates the sperm 
maturation processes of motility, capacitation and hyperactivation.55 
In an earlier study, we also demonstrated that AKAPs were decreased 
in ROS positive semen samples which exhibit lower motility.29 Our 
finding of the increase in AKAPs and its anchoring protein, ropporin 
during spermatozoa maturation corroborated with previous findings 
that show that AKAPs and their anchoring proteins are important for 
the development of sperm fibrous sheath.

Axonemal dynein heavy chain was found to have a higher 
expression level in fertile men than in asthenozoospermia patients and 
the mutation of axonemal dynein heavy chain gene can lead to male 

Table 5: Relative protein expression levels in four fractions of spermatozoa 
obtained from four individual samples from fertile donors by Western 
blotting assay

Protein Relative expression level (compare to β‑actin) P

F1 F2 F3 F4

HSP 70 1A 1.55±0.10 0.97±0.20 0.71±0.25 0.63±0.13 0.032

Clusterin 1.16±0.17 2.50±0.58 3.04±0.97 1.58±0.35 0.926

TEKT2 0.17±0.03 0.34±0.03 0.52±0.03 0.55±0.03 0.015

TEKT3 0.12±0.02 0.21±0.05 0.45±0.07 0.60±0.18 0.007

Data are presented as mean±s.d. P value showed the P values of Jonckheere–Terpstra trend 
test. F1: fraction 1; F2: fraction 2; F3: fraction 3; F4: fraction 4; s.d.: standard deviation
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infertility.59 Tektins are evolutionarily conserved flagellar (and ciliary) 
filamentous proteins present in the axoneme and peri-axonemal 
structures in diverse metazoan species.60 Five tektins have been reported 
in human sperm flagella and all of them are thought to be essential for 
progressive sperm motility.61–64 Gene knockout for tektins in mouse 
models have shown normal epididymal sperm counts with reduced 
or almost absence of sperm motility and hyperactivated motility.62 In 
the present study, tektin 2 and tektin 3 were found to be significantly 
increased from fraction 1 to fraction 4 both in proteomic results 
and in Western blotting results. Our study findings demonstrate the 
importance of tektin 2 and tektin 3 in the maturation of spermatozoa.

For validation by Western blot, we selected HSP 70  1A which 
showed a decreasing trend and 2 proteins (tektin 2 and tektin 3) that 
showed an increasing trend from immature (fraction F1) to mature 
sperm (fraction F4). These 3 proteins have been well-studied for their 
functions during spermatozoa maturation. The expression levels 
changed in our proteomic study and this was confirmed by Western 
blotting study. Besides these three significant proteins mentioned 
above, we also studied another protein – clusterin that was reported 
to be important in the maturation of spermatozoa.65–67 It is secreted 
by the epididymis and seminal vesicle and is found to have a positive 
relationship with DNA fragmentation and morphological abnormalities 
of the spermatozoa.68 Higher expression level of clusterin has been 
reported in infertile patients than in fertile men.69 However, one recent 
study showed that clusterin can also be self-synthesized by spermatozoa 
during the later stages of spermatogenesis, but not in spermatogonia.70

Interestingly, in our proteomic results, clusterin was found to 
increase from fraction 1 to fraction 3, but decreased in fraction 4 
as shown by the change in SC values from fraction 1 to fraction 4 
were 153.0, 167.3, 192.3, and 127.7, respectively. Western blotting 
demonstrated similar trend in the expression of clusterin. These results 
show that clusterin did have a higher expression level in immature 
spermatozoa than in mature spermatozoa. However, in the immature 
spermatozoa, the expression level was increased along with the 
maturation process.

Clusterin is a major glycoprotein in mammalian semen. It is 
synthesized and secreted by the testis, epididymis, and seminal 
vesicle.71,72 Regardless of whether or not semen is of poor quality, 
clusterin mainly exists on the surface of immature, low motile or 
morphologically abnormal spermatozoa.71,73 Clusterin in the semen 
and on abnormal spermatozoa belongs to the secretory form of 
clusterin (sCLU). As the spermatozoa move through the rete testis and 
the efferent duct, testis-derived clusterin is replaced by the clusterin 
from the epididymis or seminal vesicles.72,74,75 Therefore, clusterin on 
the abnormal spermatozoa is implicated in decreased sperm motility, 
sperm aggregation and infertility.73,76 It is thus regarded as a marker of 
pathological spermatozoa. In humans, clusterin has also been reported 
in normal spermatozoa; however, this is a novel form of clusterin that 
is distinct from the heterodimeric sCLU.70

We hypothesize that, at the later stage of spermatogenesis (round 
spermatids to long spermatids), clusterin was synthesized by spermatozoa. 
Then during the epididymis maturation, spermatozoal‑synthesized 
clusterin was gradually replaced by epididymis-secreted clusterin 
which then bind to the morphologically abnormal spermatozoa during 
maturation. Along with the morphological maturation of spermatozoa, 
clusterin may be proteolyzed gradually by proteinase, therefore, was 
expressed at very low levels in mature spermatozoa.

Male molecular causes of failures in IVF were identified by 
Frapsauce et al.28 They used sperm prepared by density gradient and 
utilized 2D-DIGE. They identified 17 proteins that were differentially 

expressed between fertilizing and nonfertilizing spermatozoa (mature 
and immature spermatozoa). Similarly, Dorin and Barratt reported the 
role of β-defensins in male infertility.77 In addition to the established 
role in innate immunity; these authors have demonstrated the role of 
β-defensins on sperm function. DEFB126 (β-defensins 126) was shown 
to be present all along the length of the sperm. DEFB126 mutations 
are believed to have a role in men with unexplained infertility and 
reduced ability to fertilize.77

There were some limitations of our study:  (1) the number of 
healthy fertile subjects that were enrolled in our proteomic study was 
only 4 because of the strict exclusion criteria (2) although proteomic 
study provides us with significant information, we only analyzed those 
proteins with increasing and decreasing trends - from most immature 
to mature spermatozoa fraction. We did not analyze proteins that were 
unique, (3) although we have demonstrated many proteins that may be 
potential markers of spermatozoa maturation; we validated only three 
markers by Western blotting and (4) the fact that there is a statistically 
significant contamination with round cells in fractions 1 and 2 (Table 1) 
raises the possibility that some of the differences detected and reported 
here in the protein's relative abundance in fractions 1 and 2 could be 
due to this differential contamination with round cells. Examining a 
signal network that includes all of these significant proteins regulating 
spermatozoa maturation should be examined.

CONCLUSION
Our study provides important information about the proteins that are 
critical to spermatozoa maturation, motility, and fertilization capacity. 
It provides insight into the biological processes that are activated or 
suppressed during spermatozoa maturation. Future studies should be 
conducted in a larger patient population to examine the distribution 
of proteins in various stages of maturation in ejaculated spermatozoa 
obtained from infertile men with various clinical diagnoses. This 
will further help in understanding the underlying pathology of male 
infertility.
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Supplementary Figure 1: The cellular development and cell motility functions associated network identified by IPA network generation algorithm (a). The 
proteins marked in “blue” are the ones from our dataset while the remaining ones in “black” are the proteins in the Ingenuity Knowledge Base (IKB) that 
interact with ours. The nine proteins in blue show increasing trends expression during spermatozoa maturation process. ACR: acrosin; AKAP3: a kinase 
anchor protein 3; AKAP4: a kinase anchor protein 3; ALAT: dihydrolipoamids S‑acetyltransferase; PDHA2: pyruvate dehydrogenase (lipoamide) alpha 2; 
PRSS12: protease, serine, 12; SLC 25A3: solute carrier family 25 (mitochondrial carrier; phosphate carrier), member 3; APAG6: sperm associated antigen 
6; SPAG 16: sperm associated antigen 16. (b) Molecular transport and cellular assembly functions the seven proteins in blue showed significant decreasing 
trends in spermatozoa maturation. CSE1L: CSE1 chromosome segregation 1‑like; PRDX1: peroxiredoxin 1; PRDX2: peroxiredoxin 2; PRDX4: peroxiredoxin 
4: RANBP1: RAN binding protein 1; XPO1: exportin 1; KPNB1: karyopherin (importin) beta 1.
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Supplementary Table 1: Proteins detected in four fractions of fertile 
men ejaculated semen

MW Average SC

F1 F2 F3 M

11 20.3 18.7 23.3 22.3

28 3.3 0.7 13.0 0.0

29 33.3 15.0 14.7 14.0

28 4.7 6.3 2.3 6.0

28 3.3 4.7 68.7 0.0

28 10.7 8.7 11.0 3.0

28 37.3 45.0 51.3 42.0

18 6.7 9.7 1.7 2.7

36 179.3 187.3 192.7 234.7

46 14.7 10.3 4.0 4.0

49 12.0 12.3 1.3 1.3

49 9.3 12.3 4.3 4.3

47 14.7 10.0 6.3 6.3

49 8.3 10.7 4.7 4.7

46 13.0 11.7 0.0 0.0

106 72.0 37.0 22.3 22.3

47 20.3 12.3 1.3 1.3

53 9.7 4.7 0.0 0.0

43 30.7 27.3 4.7 4.7

35 14.3 13.3 2.3 2.3

100 93.7 63.7 38.0 38.0

61 29.0 16.3 0.0 0.0

41 3.0 1.0 0.0 0.0

56 1.7 0.0 0.0 0.0

46 2.3 0.0 0.0 0.0

37 28.3 31.7 8.0 8.0

40 19.0 14.3 8.7 8.7

64 7.0 14.3 2.0 1.0

116 114.3 133.7 121.0 170.7

50 1.3 0.0 3.0 0.7

43 2.3 6.3 1.3 8.3

33 1.0 2.0 4.3 0.0

27 64.3 63.7 85.0 93.3

35 68.3 75.0 82.0 94.0

43 4.3 14.3 8.7 14.3

42 38.3 42.0 55.7 47.0

35 16.3 15.3 10.7 12.7

49 12.3 13.0 15.0 9.3

18 1.0 0.0 0.0 0.0

15 2.3 8.0 1.3 0.0

17 11.7 10.7 3.7 0.0

16 11.7 13.0 10.7 6.0

15 8.3 10.0 9.3 3.3

16 14.3 16.3 4.0 0.7

18 30.0 21.3 2.3 0.0

16 19.0 17.7 23.7 8.3

31 11.7 14.7 10.0 5.0

16 2.7 3.0 6.7 1.3

9 1.7 1.3 1.0 0.0

15 1.0 3.0 1.3 0.0

14 11.3 9.7 7.3 0.0

13 0 3.3 4.0 0.0

27 25.3 24.3 7.7 5.3

30 17.0 9.7 4.0 0.0

30 0 0.0 4.3 0.0

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

23 8.0 10.0 4.0 0.7

29 7.3 7.7 1.0 0.0

22 12.3 8.0 10.0 0.0

24 15.3 14.3 11.0 0.0

23 23.0 25.3 3.3 4.0

33 31.0 30.7 19.3 3.3

68 5.0 0.0 1.7 0.0

56 49.7 53.3 50.3 55.3

137 2.0 0.0 0.0 3.3

61 293.0 264.7 309.7 247.0

34 35.3 45.7 36.0 19.0

12 5.0 8.0 4.3 4.0

12 14.0 14.3 14.0 7.7

25 1.0 0.7 0.0 0.0

25 8.3 6.3 2.7 1.3

20 8.0 9.3 5.7 3.7

18 23.3 26.0 11.7 10.7

24 22.7 18.7 5.7 0.0

24 2.3 0.0 0.0 0.0

23 6.3 8.0 0.0 0.0

24 6.3 7.0 10.3 0.0

22 14.3 15.0 12.7 10.0

21 10.0 8.0 0.0 0.0

23 14.7 13.7 2.0 0.7

19 7.7 5.7 0.0 0.0

15 8.0 9.0 6.0 2.0

15 5.0 7.3 0.7 2.7

18 0.0 1.3 0.0 0.0

18 4.3 2.7 0.7 0.0

17 7.7 3.7 0.0 0.0

16 2.0 2.0 0.0 0.0

17 4.7 9.7 4.0 0.0

16 1.7 0.0 0.0 0.0

46 2.7 0.0 6.0 0.0

13 6.0 3.3 2.3 0.0

14 3.3 3.3 0.0 0.0

15 2.7 2.3 1.3 0.0

13 0.7 0.0 0.0 0.0

12 9.3 4.7 0.0 0.0

8 0.0 3.7 0.0 0.0

48 5.3 7.3 4.0 0.0

34 7.0 7.3 3.0 0.0

33 23.7 14.7 10.3 0.0

29 13.7 18.7 14.7 4.0

30 18.7 13.7 7.7 0.0

28 3.0 0.0 0.0 0.0

22 5.7 5.0 7.7 0.0

86 41.3 48.0 17.3 20.0

53 25.7 44.7 28.3 6.0

72 416.7 463.7 438.7 360.3

105 0.7 0.0 0.0 0.0

34 56.7 56.7 63.3 83.7

63 8.0 5.3 1.0 1.3

33 0.0 0.0 0.0 6.3

45 256.3 262.3 265.3 300.3

45 4.7 2.0 0.0 0.0

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

85 321.3 336.7 356.3 400.0

46 249.7 267.7 268.3 388.3

61 198.3 210.0 216.3 301.7

28 25.3 34.0 25.7 49.7

33 3.3 0.0 3.3 4.3

42 177.3 149.7 0.0 95.0

42 0.0 0.0 184.0 95.0

49 10.3 5.0 13.7 24.7

46 6.3 7.0 12.0 53.3

45 0.0 0.0 1.7 0.0

34 0.0 0.0 0.7 0.0

21 0.0 0.0 3.3 0.0

22 6.7 2.0 8.3 0.0

47 1.0 0.0 9.0 0.0

41 21.3 14.3 25.0 46.3

42 21.0 24.7 37.0 66.3

17 6.7 6.3 10.0 8.3

81 18.0 17.0 6.7 3.7

69 24.0 24.7 21.7 35.3

15 12.0 0.0 16.3 17.3

12 0.0 13.0 0.0 0.0

36 2.7 0.0 0.0 0.0

25 2.3 3.3 2.0 5.3

25 3.7 3.0 9.0 8.3

48.0 8.0 4.0 1.0 0.0

26.0 5.7 8.3 6.0 11.3

83.0 14.7 13.0 23.0 44.3

55.0 0.0 4.0 22.0 26.3

221.0 12.3 23.3 35.3 49.0

22.0 75.3 72.7 71.3 64.0

52.0 21.7 4.7 18.0 0.7

46.0 61.7 70.7 87.3 44.7

33 0.0 1.7 0.0 5.0

33 3.0 4.3 7.0 13.0

35 68.7 83.7 68.7 113.3

54 0.0 1.0 0.0 0.0

21 27.7 0.0 23.0 17.0

21 0.0 24.3 0.0 17.0

21 1.3 0.0 0.0 0.0

21 0.7 0.0 0.0 0.0

20 3.3 4.3 2.3 2.3

20 5.7 1.7 0.0 0.0

22 14.3 12.3 4.7 4.0

69 45.3 35.3 32.7 37.3

89 8.3 8.7 11.3 6.7

40 10.7 10.7 10.0 13.7

215 1.0 1.3 1.7 0.0

95 81.3 87.7 144.0 160.7

93 199.3 276.7 338.3 432.3

60 0.0 0.0 60.0 6.7

66 10.7 6.0 59.0 5.7

56 0.0 0.0 1.0 0.0

36 7.0 7.0 36.0 3.3

73 14.3 8.7 73.0 0.0

24 7.0 6.3 6.3 7.3

48 0.0 0.7 3.3 0.0

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

47 4.0 0.0 2.3 0.0

54 40.7 36.3 47.0 44.7

39 8.0 4.7 10.3 6.7

161 0.0 0.0 2.3 0.0

103 8.0 6.7 0.0 0.0

105 61.3 36.3 40.7 6.0

102 10.7 6.3 4.0 14.0

43 23.0 26.0 23.3 9.7

47 237.3 261.0 341.0 300.0

116 21.0 24.3 2.0 16.7

131 9.0 11.7 0.0 0.0

33 9.0 3.7 4.7 7.3

37 2.7 0.0 0.0 0.0

35 7.3 11.7 1.7 0.0

110 229.0 137.7 85.3 34.7

90 0.0 0.0 0.0 1.7

150 207.7 212.3 164.3 132.3

53 1.3 0.0 2.7 1.0

30 3.3 3.7 3.3 0.0

87 0.0 0.7 0.0 0.0

39 38.7 32.3 58.0 11.3

39 28.7 30.0 63.0 3.3

36 9.7 18.7 23.0 6.0

36 7.7 14.7 10.0 1.3

36 53.0 55.7 28.0 33.7

37 0.0 0.0 1.3 0.0

20 15.7 12.7 4.3 1.3

14 3.7 2.0 1.3 5.7

104 19.7 14.7 0.0 0.0

101 0.0 0.0 7.0 0.0

91 5.3 3.7 0.0 0.0

108 0.0 1.0 0.0 0.0

104 8.0 10.0 3.0 1.7

105 2.3 1.7 0.0 0.0

31 9.7 5.0 1.3 3.3

32 8.3 8.3 8.0 9.3

11 2.3 1.7 2.7 4.7

45 3.7 0.0 0.0 0.0

11 0.0 5.3 1.3 6.0

21 2.7 0.0 0.0 0.0

22 16.3 20.3 24.0 26.3

67 38.7 47.0 62.3 31.7

28 1.7 2.0 0.0 2.0

37 0.0 0.0 0.0 5.0

76 22.7 12.3 0.0 0.0

42 3.7 4.0 0.0 0.0

75 7.7 4.0 1.3 0.0

96 18.3 11.3 18.0 23.0

116 4.7 5.3 9.0 13.3

38 2.0 1.3 0.0 5.7

54 12.3 15.3 18.7 16.3

46 41.3 47.0 45.3 21.7

48 76.0 74.0 104.7 83.7

53 22.3 24.7 27.7 18.0

57 6.7 5.7 1.0 0.0

74 3.3 4.7 0.0 8.0

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

64 1.0 0.0 0.0 0.0

61 30.7 28.3 24.7 28.0

60 375.0 321.0 359.0 323.3

29 55.7 57.0 51.0 70.3

57 601.3 558.0 635.7 589.3

18 64.3 64.3 69.0 72.7

17 6.3 7.7 8.7 8.3

8 6.7 3.3 5.0 6.0

6 1.0 0.0 0.7 1.0

11 6.0 9.3 0.0 9.0

11 18.0 23.0 17.3 22.0

33 35.0 35.7 45.6 59.0

23 67.3 65.0 59.3 69.7

25 11.3 13.7 10.0 15.0

13 7.0 3.0 6.7 8.3

84 0.0 0.0 7.7 9.0

12 7.3 4.3 11.0 5.7

120 21.0 10.7 0.0 0.0

71 0.0 0.0 8.0 0.0

159 0.0 0.7 0.0 2.0

32 27.7 34.7 38.0 50.7

27 7.0 11.3 15.3 0.0

24.0 0.0 1.0 0.0 0.0

56.0 15.3 15.3 24.0 5.7

29.0 14.0 16.7 25.3 19.0

28.0 12.3 7.0 1.7 0.0

38.0 0.0 0.0 1.0 0.0

14.0 1.3 1.7 1.0 0.0

12.0 0.0 0.0 2.3 2.7

20.0 4.3 4.3 5.0 0.0

74.0 34.0 49.7 58.0 60.3

33.0 22.0 21.0 16.3 16.0

171.0 40.0 36.0 10.0 1.3

59.0 17.7 11.3 2.7 0.0

53.0 0.7 0.0 2.7 0.0

16.0 3.0 2.0 1.7 6.3

28.0 10.3 15.0 13.7 17.0

23.0 9.3 0.0 0.0 0.0

14.0 0.0 3.3 0.0 2.3

12.0 0.0 0.0 0.0 3.0

15.0 13.7 17.7 13.3 21.0

28.0 11.3 16.0 1.3 8.3

97 1 6.7 2.7 4

20 0 1.7 0 0

52.0 0.0 0.0 0.0 6.3

75.0 20.7 18.0 18.7 16.0

74.0 29.0 23.7 20.3 31.3

40.0 2.7 4.0 0.0 0.0

22.0 2.7 0.0 0.0 0.0

53.0 45.7 35.0 46.7 62.3

41.0 107.7 99.0 129.0 178.3

21.0 3.3 0.0 0.0 0.0

67.0 0.0 0.0 6.7 26.3

70.0 70.7 49.3 8.3 0.0

112.0 0.7 2.3 0.0 0.0

17.0 49.7 40.7 57.0 61.7

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

68.0 98.0 91.7 59.7 38.3

28.0 3.0 2.0 0.0 0.0

82.0 0.0 3.3 5.3 0.0

48.0 125.7 140.3 116.3 64.7

40.0 26.3 32.3 28.0 32.7

40.0 1.3 0.0 0.0 0.7

43.0 62.7 55.0 45.7 32.7

46.0 66.7 69.7 56.3 57.7

79.0 1.0 0.0 0.0 12.3

35.0 0.0 1.0 0.0 1.0

29.0 12.3 14.7 20.3 10.7

35.0 20.3 23.0 19.7 17.0

30.0 0.0 0.0 11.0 0.0

153.0 42.7 41.3 48.7 64.3

74.0 47.7 33.3 19.0 3.0

58.0 1.3 0.0 0.0 0.0

71.0 54.7 51.3 57.0 58.0

88.0 1.3 12.3 9.7 8.3

74.0 109.0 115.0 178.0 120.7

39.0 1.0 2.3 0.0 8.7

49.0 0.0 0.0 0.0 4.0

45.0 16.7 23.3 42.3 34.7

25.0 5.0 8.0 10.3 16.7

28.0 0.0 0.0 7.3 0.0

100.0 0.0 0.0 1.3 0.0

85.0 0.0 0.0 3.0 0.0

46.0 8.3 13.0 9.7 11.7

20.0 70.7 69.0 77.0 46.3

45.0 6.0 3.7 5.7 0.0

53.0 5.7 4.7 8.3 12.0

31.0 3.3 3.7 1.3 1.0

46 22.0 5.3 2.3 0.0

14 32.0 31.3 32.7 29.0

26 1.3 0.0 0.0 0.0

26 9.0 11.3 7.0 10.7

25 4.0 3.7 3.3 6.3

12 35.3 29.3 26.0 30.3

15 1.7 4.3 0.0 0.0

49 2.3 4.7 2.0 0.0

21 4.7 1.3 21.0 1.7

16 0.0 0.0 10.7 0.0

20 0.0 0.0 4.7 2.3

45 17.0 22.0 14.0 4.3

27 1.0 0.0 8.7 0.0

27 0.0 0.0 3.7 0.0

65 4.7 12.0 13.7 18.0

82 2.0 7.0 6.7 17.7

37 11.7 8.0 7.0 12.3

52 155.7 156.0 174.3 162.3

192 97.0 117.3 125.7 49.7

24 2.0 0.0 0.0 0.0

76 0.0 0.0 0.0 5.7

52 175.3 167.3 192.3 127.7

12 11.0 9.0 14.3 11.3

57 1.3 0.0 0.0 0.0

34 2.3 0.0 0.0 0.0

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

20 7.0 7.0 0.0 0.0

27 1.3 0.0 0.0 0.0

19 8.0 3.3 16.7 1.0

57 0.0 0.0 7.7 3.7

44 0.7 0.0 2.0 0.0

104 0.0 0.0 0.0 1.7

103 39.0 44.0 60.7 57.7

69 7.3 4.3 6.7 12.3

75 3.0 2.0 1.0 4.7

110 0.0 0.0 2.3 1.3

130 1.0 1.0 7.0 9.7

38 6.0 4.0 8.0 14.3

66 8.7 1.0 17.0 15.7

40 2.0 1.0 0.0 0.0

30 3.3 0.0 3.7 0.7

26 6.7 1.7 0.0 2.0

154 4.3 5.3 0.0 0.0

31 25.0 20.3 0.0 29.7

187 0.0 0.0 23.7 0.0

49 22.0 23.0 39.7 18.7

38 2.7 0.0 0.0 0.0

30 2.3 0.0 0.0 0.0

18 8.3 2.0 0.0 0.0

29 21.0 32.3 0.0 32.7

54 37.7 0.0 0.0 0.0

43 35.3 10.0 3.0 0.0

89 89.0 112.3 79.0 53.3

136 91.3 95.3 48.3 26.7

74 2.3 0.0 1.0 27.3

39 0.7 2.0 1.0 11.7

11 0.0 0.0 6.7 0.0

11 2.0 1.7 9.3 0.0

16 7.0 0.0 0.0 0.0

16 5.0 3.0 0.0 0.0

50 19.3 15.7 25.7 21.3

28 30.3 24.3 43.7 35.7

27 22.0 29.3 17.7 11.3

85 0.0 0.0 5.0 0.0

95 36.3 44.7 0.0 0.0

27 5.7 4.3 8.0 10.3

17 8.0 5.0 4.7 6.0

53 85.3 117.3 131.7 120.7

48 171.3 196.3 206.0 208.7

11 4.0 7.7 3.7 8.3

14 19.3 23.3 23.0 20.7

10 0.0 0.0 2.7 1.7

7 3.0 6.0 5.7 3.3

30 30.3 31.0 38.7 26.7

12 27.0 25.7 26.3 31.3

20 51.7 58.3 67.3 63.7

17 26.3 29.7 35.0 36.0

14 20.7 18.0 20.7 19.3

10 26.3 25.3 26.3 27.0

9 8.7 11.0 8.0 12.7

13 4.0 5.7 3.7 7.7

13 3.7 4.0 1.3 4.7

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

26 48.0 42.7 76.3 52.0

35 58.3 62.3 61.7 72.7

98 2.3 0.7 0.0 0.0

532 34.3 5.7 1.7 0.0

71 1.3 0.0 0.0 0.0

57 3.7 0.0 0.0 0.0

66 12.0 7.0 7.0 0.0

56 212.7 224.3 272.0 256.0

67 0.0 0.0 0.0 2.0

53 12.3 2.3 1.0 0.0

92 0.0 0.0 1.3 0.0

57 0.0 0.0 9.7 0.0

43 2.3 1.7 0.0 0.0

38 2.0 0.0 0.0 0.0

30 1.3 1.7 0.0 0.0

39 0.0 3.0 1.7 1.3

13 8.3 11.0 2.7 4.0

28 1.3 1.3 0.0 0.0

38 37.7 22.3 4.0 0.0

35 1.0 0.0 0.0 0.0

36 107.3 96.7 134.0 125.3

62 9.7 6.7 10.0 8.0

36 2.0 0.0 0.0 0.0

32 22.3 22.3 12.7 30.0

27 16.0 21.3 13.7 12.0

94 0.0 0.0 2.3 0.0

93 0.0 0.0 13.0 0.0

114 0.0 0.0 27.3 0.0

332 1.0 0.0 217.0 1.3

27 27.3 29.0 33.0 26.7

24 0.0 0.0 0.0 2.0

54 145.3 146.7 163.3 158.0

69 87.7 104.3 106.3 126.0

49 26.0 29.3 45.3 30.7

43 2.0 2.7 1.3 1.0

26 4.3 0.0 0.7 0.0

77 11.3 6.3 0.0 1.3

46 11.0 10.7 16.3 9.3

53 0.0 0.0 0.7 0.0

56 88.0 103.0 87.0 61.3

54 7.3 11.3 0.0 1.0

88 17.0 10.7 0.0 0.0

93 0.0 0.7 0.0 5.3

89 18.7 23.3 27.7 41.7

88 14.3 17.7 14.0 23.3

127 3.7 3.3 0.0 2.0

174 1.7 0.0 0.0 0.0

46 19.7 18.3 16.3 10.3

52 0.0 0.0 2.3 1.0

48 22.3 0.0 21.7 20.0

38 15.0 15.0 13.3 12.3

41 16.0 21.0 11.7 2.7

36 12.7 15.3 20.7 26.7

36 0.0 0.0 0.0 1.7

27 3.3 0.0 0.0 1.7

26 9.0 12.3 9.7 6.7

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

91 1.0 1.0 0.0 0.0

63 0.0 0.0 0.0 5.0

58 7.0 6.3 4.0 2.0

22 14.3 12.0 8.7 8.7

22 4.7 1.3 1.7 0.0

30 4.0 4.3 0.0 0.0

51 48.7 48.7 48.0 41.3

69 85.7 81.7 77.0 58.3

69 19.3 36.7 27.0 30.3

12 4.0 0.0 1.3 2.0

94 0.0 0.0 1.0 0.0

21 0.0 1.0 12.0 7.0

142 0.0 17.3 0.0 0.0

139 17.0 0.0 0.0 0.0

45 15.3 11.0 5.7 0.0

21 5.3 4.7 0.0 0.0

53 0.0 1.3 0.0 0.0

488 21.7 16.3 21.3 119.0

515 3.3 2.3 10.0 68.7

357 8.7 4.7 2.3 37.0

509 141.0 162.0 234.3 428.3

508 0.0 0.0 0.0 20.0

471 2.3 5.0 9.0 36.7

476 0.0 3.7 2.7 48.0

461 17.3 26.0 29.7 121.0

539 228.0 203.0 231.3 513.7

79 0.0 0.0 0.0 10.3

69 24.3 19.3 36.0 47.3

22 28.7 19.3 19.3 40.3

10 41.7 45.3 49.0 68.7

10 31.7 32.3 24.3 54.7

11 7.3 3.7 7.0 7.7

12 14.0 18.0 18.0 17.7

63 1.7 4.0 9.7 6.7

574 1.3 0.7 0.0 0.0

44 25.7 29.0 22.7 11.0

100 26.7 15.0 0.0 0.0

24 1.3 4.3 4.0 5.7

19 1.3 0.0 1.0 0.0

173 14.3 22.7 33.7 40.3

87 2.3 9.0 11.7 26.0

74 3.3 6.3 13.3 27.7

55 11.3 13.7 3.7 27.3

54 6.0 4.0 0.0 0.0

35 69.3 76.7 77.0 92.0

28 30.0 39.0 42.7 52.0

68 23.0 25.0 36.3 26.7

50 36.7 21.7 44.7 8.7

25 5.3 8.3 2.0 0.0

71 44.7 34.0 20.3 4.7

50 172.0 155.7 106.7 47.0

95 126.3 133.7 123.7 48.0

35 10.0 12.0 8.7 20.0

50 10.7 13.3 11.0 16.3

55 0.7 0.0 0.0 0.0

43 27.0 21.0 9.3 5.0

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

52 7.7 13.0 6.0 9.3

29 22.3 19.3 15.3 13.0

47 36.7 41.0 28.3 14.0

33 6.0 1.3 0.0 0.0

44 15.7 21.7 17.0 3.0

92 520.3 544.0 424.0 321.3

29 1.3 19.3 0.0 0.0

33 28.7 29.0 31.7 31.3

44 33.3 43.0 39.7 50.3

31 62.7 69.7 86.7 96.7

232 0.0 0.0 13.0 0.0

17 12.0 11.7 4.3 9.0

18 1.3 1.7 1.3 0.0

26 54.0 57.7 60.3 26.3

31 15.3 18.7 15.3 18.0

556 0.0 0.0 99.0 2.3

53 3.0 1.3 0.0 0.0

63 1.3 0.0 0.0 0.0

39 17.3 12.7 19.0 10.3

38 53.7 57.0 47.0 47.0

54 0.0 0.0 7.0 0.0

54 8.3 7.7 3.0 0.0

32 2.7 3.3 0.0 0.0

28 36.3 35.7 32.3 48.3

29 4.0 3.7 0.0 0.0

27 5.7 4.7 6.0 8.7

46 6.0 0.0 15.0 0.0

20 6.3 7.0 0.0 0.0

16 0.0 0.0 6.0 0.0

167 10.0 9.7 1.0 0.0

38 3.3 1.3 0.0 0.0

25 0.7 0.0 0.0 0.0

43 2.7 0.0 0.0 0.0

20 0.0 0.0 5.3 0.0

27 7.7 8.0 10.0 2.7

123 11.0 8.0 0.0 0.0

110 25.7 18.7 1.3 1.3

124 45.7 45.7 1.3 69.3

61 8.0 0.0 0.0 0.0

69 6.3 0.0 13.3 0.0

33 14.3 14.0 15.3 4.0

33 6.3 2.7 0.0 0.0

35 0.0 0.0 0.0 2.7

31 26.3 25.0 26.0 23.7

157 0.0 0.0 0.0 0.7

102 6.3 0.0 4.0 16.0

273 25.0 0.0 5.0 0.0

53 0.0 1.3 0.0 0.0

15 15.0 21.7 18.3 6.7

63 47.3 61.0 69.7 50.0

21 12.0 10.7 3.3 5.0

20 1.0 1.3 0.0 0.0

28 65.7 63.3 80.3 79.0

36 9.0 10.7 15.0 17.7

259 115.7 127.3 84.7 64.0

36 4.0 3.7 9.3 8.7

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

790 0.0 0.7 5.0 12.0

435 0.0 0.0 2.7 0.0

248 4.0 0.0 1.7 0.0

278 18.0 11.7 13.3 10.7

35 10.0 5.0 0.0 10.0

29 12.3 12.3 14.0 14.3

23 3.3 1.3 0.0 1.7

45 85.3 75.7 93.3 57.7

39 4.7 4.0 16.0 4.0

55 204.3 219.0 261.0 249.7

35 6.0 5.7 7.3 9.7

35 49.0 42.7 52.7 57.0

21 29.7 31.3 11.0 31.7

26 0.0 0.0 2.7 0.0

65 17.0 11.0 5.0 0.0

15 0.0 0.0 30.0 3.3

36 32.0 37.3 35.0 42.0

21 5.0 0.7 6.7 0.0

61 10.7 0.0 0.0 0.0

21 0.0 0.0 1.3 0.0

41 0.0 1.7 3.0 3.7

49 0.0 0.0 9.3 0.0

42 13.3 8.7 7.3 7.7

36 0.0 0.0 1.0 0.0

81 8.3 7.3 19.7 0.0

108 14.0 7.0 0.0 0.0

35 4.7 4.3 0.0 0.0

26 12.3 13.3 4.3 14.3

29 0.0 0.7 9.7 9.7

31 1.3 1.0 0.0 0.0

77 1.3 0.0 0.0 0.0

63 76.0 77.7 88.3 42.3

59 84.3 94.7 62.7 57.0

84 20.7 14.3 0.0 0.0

83 0.0 0.0 3.0 0.0

61 8.7 1.3 0.7 0.0

42 35.7 60.3 64.0 83.0

79 0.0 5.7 0.0 0.0

181 1.0 0.0 4.0 4.0

17 3.3 8.7 5.0 11.0

53 13.7 9.0 3.7 0.0

27 118.7 115.7 117.3 90.0

28 11.3 13.3 11.7 27.0

23 18.7 12.0 22.0 1.3

36 142.3 109.3 157.7 143.3

45 146.0 157.3 203.3 169.7

61 23.0 53.3 71.0 87.0

58 1.3 6.3 14.7 6.3

81 7.7 6.7 5.3 10.7

38 6.7 10.3 9.0 10.0

36 17.0 22.7 14.0 19.0

19 8.0 3.0 3.3 3.0

21 2.0 0.0 0.0 0.0

97 3.7 0.0 0.0 0.0

93 0.0 0.0 0.7 0.0

83 23.7 31.3 17.7 6.7

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

36 10.7 11.0 6.0 15.0

62 0.7 0.0 0.7 0.0

63 1.7 0.0 0.0 0.0

62 1.7 6.7 9.3 0.0

136 6.3 10.3 4.7 4.7

110 3.3 0.0 0.0 0.0

75 0.0 11.0 0.0 0.0

56 0.0 0.0 0.0 0.7

37 0.0 0.0 0.0 6.3

24 3.3 1.7 3.3 4.3

24 21.0 18.0 6.0 14.0

22 5.7 3.3 3.3 3.0

37 3.3 0.0 0.0 0.0

35 29.3 39.7 21.7 14.3

71 0.0 0.0 0.0 1.3

29 0.0 2.7 0.0  

45 131.7 133.7 122.7 149.0

38 7.0 2.0 7.3 8.0

23 14.7 17.0 0.0 1.3

181 13.7 7.3 0.0 0.0

146 7.0 2.0 3.7 8.3

70 95.0 73.3 71.0 52.3

70 169.0 192.7 221.3 171.0

94 22.3 19.3 11.0 10.7

95 86.7 91.0 46.3 42.7

71 44.7 41.7 85.3 37.7

97 11.0 5.7 0.7 0.0

80 23.7 20.3 35.0 29.7

23 32.7 17.0 42.0 0.0

98 566.7 610.0 500.3 341.7

83 85.0 76.0 62.7 21.7

70 552.7 574.0 604.7 545.0

33 0.0 0.0 7.3 0.0

36 24.0 11.7 0.7 4.0

16 13.0 13.0 11.3 16.3

52 64.3 58.7 65.3 77.0

39 0.0 0.0 1.7 0.0

40 0.0 0.0 1.3 0.0

49 0.0 0.0 6.0 0.0

51 0.0 0.0 8.7 0.0

91 0.0 0.0 3.7 0.0

37 0.0 0.0 1.0 0.0

32 0.0 0.0 5.3 0.0

103 307.0 384.7 464.3 610.7

22 8.7 14.0 5.0 5.0

73 0.0 0.0 9.0 0.0

14 0.0 1.0 0.0 0.0

17 15.0 11.3 15.7 15.7

20 10.0 13.3 6.0 14.7

22 0.0 4.7 7.3 0.0

23 0.0 0.0 4.7 0.0

22 27.0 31.3 30.0 15.7

14 20.7 17.0 0.0 19.7

14 0.0 0.0 1.3 0.7

14 8.0 10.0 0.0 9.7

15 0.0 0.0 39.3 19.7

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

14 0.0 0.0 11.0 9.7

13 16.3 12.7 20.3 14.0

14 45.7 39.3 59.0 37.3

14 15.3 13.3 28.3 12.0

15 0.0 0.0 20.7 3.3

15 8.7 6.7 0.0 8.7

11 26.3 46.0 88.7 15.3

282 1.3 0.0 0.0 0.0

41 23.7 28.7 21.0 18.0

44 0.0 1.0 1.0 0.0

58 45.7 47.7 50.0 66.0

576 0.0 0.0 0.0 8.3

36 60.3 58.3 72.7 67.7

34 33.3 35.3 37.0 40.3

34 0.0 1.3 1.0 0.0

57 0.0 0.0 1.7 0.0

25 22.0 24.7 14.7 11.7

111 275.3 267.7 171.7 98.0

23 0.0 0.0 3.7 0.0

39 3.3 0.0 4.0 4.0

58 58.3 55.3 66.3 46.3

58 16.3 19.7 16.7 9.3

58 7.3 11.3 11.7 2.0

97 100.3 75.7 72.0 39.7

119 1.0 0.0 0.0 0.0

126 90.3 73.7 72.3 66.0

44 4.0 6.0 0.0 9.0

53 0.0 0.0 0.0 1.3

38 19.3 20.0 12.7 16.0

37 0.0 14.7 0.0 10.3

30 15.7 0.0 4.7 10.3

118 5.0 4.0 9.0 4.7

127 7.7 8.7 15.0 0.0

85 3.3 6.0 6.7 0.0

33 10.3 10.0 0.0 0.0

18 0.0 0.0 1.7 0.0

19 0.0 0.0 8.0 0.0

17 0.0 0.0 4.0 0.0

68 10.3 0.0 17.3 0.0

52 0.0 0.0 1.7 1.7

50 0.0 0.0 0.7 0.0

16 0.0 0.0 1.3 3.3

18 6.7 7.3 7.0 9.0

45 2.0 8.3 0.0 20.3

22 0.0 0.0 59.7 43.0

24 38.3 43.3 0.0 43.0

40 50.3 64.7 76.0 89.0

42 17.3 15.3 20.3 8.7

43 0.0 1.0 4.0 2.7

47 30.0 8.7 0.0 0.0

145 10.7 3.0 0.0 0.0

114 86.3 106.7 103.3 119.0

32 0.7 0.0 0.0 1.7

47 24.7 29.3 37.0 35.7

39 4.3 6.3 8.7 20.3

25 26.0 27.7 29.7 41.7

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

24 0.0 143.3 220.7 0.0

27 132.3 0.0 0.0 196.7

82 0.0 0.0 61.7 0.0

150 22.7 20.3 0.0 0.0

110 0.0 0.0 1.0 0.0

13 0.7 0.0 0.0 0.0

10 8.3 7.7 10.7 6.0

43 32.3 26.7 37.3 15.3

78 919.3 1040.3 718.3 334.3

21 3.0 0.0 0.0 0.0

400 2.3 0.0 0.0 0.0

196 27.0 22.7 13.0 0.7

178 10.7 6.7 7.3 2.7

65 29.3 33.7 25.3 51.7

45 2.7 4.0 0.0 0.0

82 4.0 15.7 4.7 6.7

119 6.3 4.7 0.7 0.0

32 43.7 51.3 51.3 53.3

11 1.3 0.0 0.0 1.7

83 36.0 29.0 36.0 29.7

43 0.0 0.0 0.0 2.0

35 14.7 14.0 2.3 0.0

64 3.7 4.0 5.0 9.3

40 1.7 5.7 10.7 17.0

188 151.7 134.7 137.7 202.0

181 0.0 0.0 4.7 4.0

106 172.0 167.0 208.3 250.7

61 0.0 1.7 5.3 7.0

22 0.0 0.0 0.0 3.0

35 3.0 0.0 0.0 0.0

134 1.3 0.0 0.0 0.0

43 0.7 0.0 8.0 0.0

33 0.0 0.7 0.0 0.0

32 8.0 0.0 0.0 0.0

53 15.0 8.0 6.3 4.0

37 22.0 26.3 44.7 27.3

42 94.3 98.7 82.0 158.3

37 18.7 14.0 5.3 7.3

36 223.0 260.7 254.3 285.3

106 29.3 21.3 29.7 25.7

78 116.7 186.3 140.3 251.3

80 0.0 1.0 0.0 2.0

79 74.7 88.0 48.7 112.0

74 0.0 2.7 0.0 6.0

18 2.0 5.3 1.7 1.3

26 29.7 20.7 5.0 3.3

11 2.3 6.7 4.0 6.3

105 12.0 13.0 4.3 18.3

56 8.3 9.3 7.7 8.7

54 6.3 1.7 0.0 0.0

45 22.7 19.7 25.0 18.0

45 11.0 5.3 0.0 0.0

17 5.0 6.0 7.3 0.0

22 0.0 0.7 0.0 1.3

22 2.3 12.3 6.0 11.0

16 27.0 26.3 33.0 38.7

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

17 15.3 15.3 22.0 21.3

71 25.7 31.3 24.3 13.3

12 5.3 7.7 0.0 0.0

38 1.0 0.7 7.3 0.0

28 4.0 5.3 0.0 5.3

99 0.7 0.0 0.0 0.0

39 18.3 0.0 18.7 19.0

36 0.0 26.7 0.0 19.0

36 316.0 314.3 361.0 360.7

32 16.7 16.7 10.3 14.0

55 0.0 1.3 1.3 2.0

43 0.0 0.0 0.0 2.3

92 58.7 50.7 35.0 30.3

107 3.7 0.0 0.0 0.0

78 0.7 0.7 4.7 0.0

312 3.7 0.0 0.0 0.0

47 92.3 96.0 110.3 104.7

214 7.0 11.0 0.0 0.0

43 3.3 4.7 7.7 7.7

89 21.7 18.0 22.3 36.0

22 14.0 11.7 7.3 4.3

26 21.3 26.7 23.7 16.7

21 27.7 45.3 13.0 14.0

23 7.3 0.0 0.0 0.0

24 20.0 8.7 0.0 7.0

51 11.0 7.7 9.7 8.7

30 8.3 11.7 6.7 8.0

101 12.3 4.7 0.7 0.0

61 2.0 1.7 1.0 1.0

47 0.0 0.0 0.0 1.0

83 5.0 2.3 4.7 3.0

37 1.3 0.0 0.0 0.0

16 5.3 3.7 2.7 3.7

20 7.3 3.3 6.0 8.7

61 14.0 6.3 11.7 7.3

34 10.0 11.0 3.3 33.3

33 0.0 0.0 0.0 1.0

33 17.0 15.3 0.0 0.0

31 0.0 20.0 7.7 29.3

17 8.0 7.3 6.3 4.0

38 0.0 1.0 0.0 0.0

51 0.0 0.0 0.0 1.0

50 6.7 9.3 6.3 13.0

10 0.0 1.0 2.0 3.7

16 0.7 0.0 0.0 0.0

16 16.7 7.3 1.3 6.3

35 4.0 0.0 0.0 0.0

38 11.3 14.0 0.0 13.0

20 3.0 2.3 0.0 5.3

84 53.7 57.0 0.0 63.0

36 0.0 0.0 0.0 5.3

58 16.3 20.0 26.0 13.7

54 6.7 9.3 8.0 5.0

37 0.7 0.0 0.0 1.0

54 0.0 0.0 0.0 1.3

28 0.0 0.0 0.0 1.0

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

19 0.0 0.0 0.0 0.7

41 14.7 25.0 33.0 30.3

47 17.3 15.3 10.0 0.7

28 0.0 7.3 7.7 0.0

31 10.7 5.3 14.0 16.0

35 0.0 0.0 0.0 0.7

84 51.0 69.7 121.3 12.7

233 7.0 0.0 0.0 0.0

17 12.0 5.3 10.0 0.0

20 21.7 8.3 7.3 0.0

227 37.3 23.3 56.0 0.0

149 2.7 0.0 0.0 0.0

37 0.0 2.3 0.0 0.0

84 10.3 15.0 1.7 13.7

42 0.0 4.0 1.7 0.0

62 0.7 3.7 0.0 2.7

46 0.0 0.0 0.7 0.0

49 7.0 10.3 4.0 18.7

44 0.0 0.0 0.0 1.3

33 0.0 0.0 1.7 2.0

65 99.0 96.3 115.0 84.0

20 8.7 15.7 9.0 15.0

20 1.0 1.0 0.0 0.0

41 7.0 5.7 7.0 7.0

15 0.0 4.0 0.0 5.0

17 3.3 6.3 7.7 6.0

17 8.3 7.0 6.0 5.0

11 6.7 7.3 2.3 8.3

9 0.0 4.0 1.3 4.3

13 9.3 9.7 8.0 15.3

18 1.0 1.7 0.0 0.0

13 1.3 0.0 0.0 0.0

20 13.0 11.7 11.0 15.3

43 29.7 30.0 31.0 36.3

21 26.0 25.3 22.0 20.3

18 3.0 0.0 0.0 1.7

11 0.0 2.7 0.0 1.7

15 6.7 7.7 6.3 6.0

16 3.3 1.3 0.7 2.0

22 8.0 8.3 6.0 6.7

22 9.3 10.0 7.3 14.7

51 27.3 29.3 36.0 28.3

27 16.0 13.3 16.3 20.7

53 20.3 16.7 29.7 14.3

30 31.3 31.0 24.7 29.7

20 1.7 4.0 0.0 3.3

13 8.0 8.0 6.7 7.3

14 0.0 0.0 1.0 3.7

24 11.3 7.3 3.3 5.0

24 11.0 8.7 8.7 13.0

31 22.3 30.0 18.3 15.0

32 24.0 27.3 23.7 28.3

81 58.3 91.7 102.3 103.3

64 3.0 2.7 2.3 0.0

77 14.7 27.7 21.3 12.0

132 22.3 27.0 18.0 26.7

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

95 0.0 0.0 1.7 0.0

86 112.0 66.7 22.7 7.3

154 0.7 0.0 0.0 0.7

122 0.0 0.0 0.0 0.7

629 0.7 0.0 22.7 0.0

146 13.0 10.0 0.0 1.0

150 0.0 0.0 1.0 0.0

44 0.0 0.7 0.0 0.0

97 0.0 0.0 1.0 5.0

107 145.3 167.3 99.3 80.0

10 4.0 6.0 10.0 2.7

23 11.0 10.3 10.3 2.0

84 0.0 0.0 3.3 0.0

63 0.0 1.3 0.0 0.0

78 20.0 19.3 0.0 16.3

42 7.3 9.0 16.3 4.7

34 17.0 20.7 10.3 18.0

134 3.0 5.7 0.0 1.3

10 14.3 16.0 14.0 12.7

73 0.0 0.7 0.0 2.7

38 4.0 4.3 0.0 0.0

106 5.0 0.0 3.0 6.7

129 0.0 0.0 0.0 1.7

155 111.0 151.3 138.3 227.7

162 0.0 2.7 3.7 2.0

228 35.7 33.3 47.3 78.0

93 92.7 96.0 103.7 114.3

196 0.7 0.7 3.0 1.3

53 31.7 41.0 44.7 45.3

205 19.0 36.3 20.3 71.3

211 77.7 98.3 48.7 120.7

68 0.0 3.7 1.3 1.7

14 0.0 0.0 0.0 0.7

50 20.3 19.0 14.3 4.3

77 1.7 0.0 4.7 0.0

33 11.0 0.0 8.3 0.0

28 0.0 8.3 0.0 0.0

76 7.3 11.3 13.3 16.0

196 2.0 8.7 12.3 24.3

37 1.0 2.3 0.0 5.0

42 0.0 3.0 1.7 1.3

35 9.3 8.3 6.7 5.3

55 39.3 40.7 70.7 49.0

61 19.0 23.3 30.3 35.0

42 1.7 2.3 7.0 7.0

20 6.3 7.3 0.0 0.0

24 12.3 17.3 30.7 37.3

45 6.0 8.7 7.0 3.7

43 1.0 0.0 0.0 0.0

52 6.7 9.0 3.7 2.7

28 0.0 0.0 0.0 1.0

22 0.0 0.0 0.0 1.0

27 6.3 4.7 1.3 8.3

95 22.0 0.0 0.0 49.0

93 0.0 22.7 35.3 0.0

30 3.3 5.3 3.3 8.7

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

29 22.0 33.0 30.7 27.3

18 9.0 4.0 16.0 0.0

24 28.0 27.0 17.0 12.7

22 11.0 9.3 6.0 15.7

16 14.7 10.3 1.0 1.7

16 9.7 9.7 0.0 0.0

52 0.7 0.0 0.0 0.0

35 6.3 8.0 9.0 17.0

47 13.0 13.3 1.0 0.0

205 0.0 0.0 16.3 0.0

22 35.0 28.0 15.0 12.7

22 21.3 15.0 6.3 2.0

31 55.7 55.0 47.7 34.3

22 65.3 49.7 69.7 56.7

25 43.3 33.0 26.0 6.7

39 2.3 5.0 0.0 0.0

28 10.3 11.3 2.3 0.0

27 13.3 19.3 9.0 3.0

41 0.0 0.7 0.0 0.0

80 12.0 11.3 5.7 1.3

116 0.7 0.0 0.0 1.0

58 0.0 0.7 0.0 0.0

66 3.7 4.0 0.0 0.0

40 8.3 14.7 14.7 23.3

21 23.3 18.7 11.3 12.3

67 0.0 1.0 1.7 2.7

32 1.3 1.7 2.3 6.7

32 0.0 0.0 0.0 0.7

71 0.0 0.0 3.7 0.0

61 2.0 0.0 0.0 0.0

68 0.0 0.0 3.0 0.0

45 6.0 8.3 13.3 0.0

45 170.0 201.3 165.0 123.0

29 11.7 12.0 12.3 4.7

29 47.0 50.3 41.3 33.0

34 4.0 5.7 1.7 5.7

16 13.0 11.7 9.3 3.3

27 38.3 38.3 18.3 34.0

83 0.0 0.0 28.0 0.0

87 0.0 0.0 5.7 0.0

129 43.0 52.3 58.3 113.3

55 10.0 6.7 8.7 20.7

46 31.3 20.7 18.0 7.0

70 27.3 13.3 1.0 0.0

71 0.0 0.0 7.3 0.0

514 0.0 0.0 16.7 0.0

50 2.3 0.0 0.0 0.0

54 0.0 0.0 0.0 1.7

39 1.3 3.7 0.0 0.0

37 0.0 1.3 0.0 0.0

71 21.7 0.0 10.7 0.0

73 0.0 3.3 0.0 0.0

59 0.0 0.0 5.3 0.0

86 13.0 23.3 15.3 22.0

32 7.0 6.7 0.0 8.3

19 1.7 0.7 0.0 0.0

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

72 5.7 10.3 7.7 21.0

74 0.0 0.0 37.0 0.0

21 13.3 13.3 8.7 8.3

57 35.7 43.0 33.7 22.0

117 107.3 124.0 121.3 117.0

58 8.0 5.0 0.0 0.0

16 10.3 12.0 7.3 12.3

26 2.3 2.0 0.0 4.0

39 0.0 0.0 1.0 0.0

53 1.3 2.7 0.0 1.3

54 0.0 5.7 0.0 4.3

43 3.0 5.3 3.0 0.7

57 3.7 7.0 7.7 2.7

15 9.3 7.3 17.0 0.0

15 6.0 9.3 10.0 20.3

96 9.7 0.7 6.3 0.0

22 8.7 5.0 2.3 0.0

30 60.0 57.3 58.3 52.3

33 32.3 39.7 47.0 46.7

45 7.0 5.0 0.0 0.0

17 141.7 240.3 132.3 95.7

44 7.0 9.3 3.7 0.0

42 2.7 1.3 0.0 5.0

19 1.3 0.0 0.7 0.0

21 9.3 9.0 8.3 7.3

36 7.0 5.7 10.7 5.0

14 29.0 30.7 27.0 32.3

13 1.7 4.7 0.0 6.7

12 3.3 0.7 0.0 8.7

11 5.3 4.0 1.3 0.0

29 82.7 26.3 11.3 7.3

45 122.0 0.0 0.0 17.3

48 0.0 67.3 40.3 0.0

29 5.7 0.0 1.7 0.0

27 1.0 0.0 0.0 0.0

211 67.7 71.0 37.0 45.0

30 24.3 23.3 17.7 18.7

26 39.3 28.7 38.7 24.0

28 18.3 15.0 21.7 12.3

29 33.0 37.7 30.3 27.3

26 32.3 32.3 32.0 30.3

27 30.7 29.0 28.0 28.7

28 3.7 4.3 1.7 2.0

29 0.0 21.7 0.0 19.0

28 20.0 0.0 20.7 19.0

26 34.7 33.7 38.0 30.0

23 19.7 17.0 18.7 15.7

23 23.0 20.7 14.7 14.0

29 23.7 32.0 31.3 19.0

28 35.3 30.3 22.0 34.3

25 12.7 15.0 19.3 18.3

30 19.7 24.0 7.3 16.3

73 0.7 0.0 0.0 0.0

9 1.0 0.0 0.0 0.0

21 5.7 7.0 0.0 1.3

31 1.7 1.3 0.0 0.0

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

21 1.3 0.0 0.0 4.3

57 305.7 329.7 277.0 151.3

73 93.0 134.0 76.7 44.3

48 76.3 68.3 68.0 43.0

57 97.0 90.3 115.0 28.7

20 29.0 28.7 19.7 21.0

23 14.0 17.3 7.7 8.3

87 21.0 34.7 23.0 60.0

11 0.0 0.0 0.0 1.3

93 4.3 0.0 0.0 1.0

58 20.0 19.3 5.7 0.0

55 0.0 0.0 0.7 1.3

17 9.3 11.7 10.0 14.7

36 1.3 4.0 5.3 8.3

148 0.0 0.0 1.3 5.7

13 1.3 0.0 0.0 0.0

25 0.7 0.0 0.0 0.0

63 4.3 5.7 5.0 33.3

65 24.7 21.3 29.3 73.0

27 0.7 0.0 0.0 0.0

100 8.7 6.3 10.7 25.0

41 0.0 0.0 1.3 0.0

41 0.0 0.0 0.0 3.0

31 7.7 5.7 11.0 11.3

34 0.0 0.0 1.3 0.0

28 42.3 46.7 38.3 46.7

42 31.3 32.3 24.0 17.7

51 0.7 0.0 2.3 0.0

68 0.0 0.0 15.0 0.0

47 0.7 0.7 0.0 0.0

13 0.0 0.0 0.0 4.0

12 8.7 3.3 12.3 0.0

11 0.0 0.0 14.0 0.0

11 12.3 11.7 54.3 2.3

13 16.0 13.7 67.0 5.7

36 0.0 2.0 0.0 1.7

89 24.7 16.0 10.3 5.3

31 0.0 0.0 2.3 0.0

77 0.0 0.0 25.0 0.0

90 0.0 0.0 9.3 0.0

10 2.3 5.3 0.0 0.0

30 25.7 28.7 0.0 35.7

23 14.3 7.7 0.0 13.0

32 0.0 0.0 18.0 0.0

103 60.0 60.3 42.7 49.0

25 11.0 10.7 10.7 12.7

16 0.7 0.0 0.0 0.7

38 15.0 18.3 14.3 21.7

48 7.0 0.0 0.0 14.7

44 0.0 6.0 7.0 0.0

43 58.3 84.7 74.3 103.3

39 116.0 106.3 118.7 143.7

99 3.0 0.7 0.0 2.3

51 14.7 17.7 20.7 19.7

66 165.0 152.0 228.0 285.3

35 9.0 12.7 6.7 10.7

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

51 11.7 10.0 1.3 1.0

51 30.3 36.0 39.3 9.7

26 0.0 1.3 0.0 0.0

35 17.3 29.3 41.7 34.0

64 1.7 7.0 14.3 21.3

81 43.0 68.3 95.7 100.7

31 23.0 26.3 41.0 50.3

199 6.7 1.0 0.0 4.7

23 3.3 3.0 0.0 0.0

189 1.7 0.0 20.7 0.0

181 8.0 0.0 3.3 0.0

23 2.0 0.0 24.0 0.0

24 33.3 31.3 34.7 12.0

24 59.0 57.3 6.7 38.3

23 11.7 7.0 8.0 0.0

23 0.0 0.0 0.7 0.0

23 17.7 14.3 8.0 6.3

25 0.7 0.0 0.0 0.0

24 154.0 143.3 170.3 227.3

24 18.3 13.0 12.7 23.7

24 0.0 0.0 0.7 0.0

27 9.7 4.0 0.0 0.0

24 21.3 20.0 12.3 6.0

23 13.7 10.0 11.3 5.3

24 10.3 11.0 8.7 8.3

16 0.0 0.0 1.0 0.0

19 4.7 0.0 0.0 0.0

21 35.7 34.3 18.3 17.3

21 38.3 35.3 30.0 24.3

26 18.3 14.3 10.7 12.7

19 2.3 1.7 1.3 0.0

45 1.3 0.0 5.7 0.0

147 3.0 3.3 1.3 14.7

37 22.7 16.0 1.7 0.0

130 1.0 0.0 0.0 0.0

55 7.0 0.7 0.0 0.0

57 1.3 0.7 0.0 0.0

35 1.7 0.0 0.0 0.0

39 1.0 2.7 3.0 24.0

23 2.3 0.0 2.7 0.0

50 8.7 12.0 11.7 0.0

14 0.0 0.0 1.7 1.3

18 14.7 17.3 10.7 18.7

24 123.0 117.7 180.0 174.0

24 16.3 15.7 44.0 48.0

26 8.7 7.7 14.0 31.3

26 8.0 9.3 5.0 0.0

33 1.3 1.7 0.0 0.0

50 93.7 105.3 102.3 54.3

51 191.0 208.0 180.0 93.0

47 290.7 313.7 328.7 318.3

115 7.0 11.7 0.0 9.0

46 4.0 1.7 3.0 7.7

35 2.7 1.7 1.3 0.0

36 4.0 1.0 0.0 0.0

37 12.3 6.7 1.7 0.7

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

38 1.0 0.0 0.0 0.0

22 2.0 4.7 0.0 0.0

52 196.7 168.3 143.7 101.0

65 408.0 361.7 252.0 168.3

53 0.0 0.0 0.0 3.3

50 0.0 0.0 0.0 3.3

41 0.0 0.0 6.0 10.3

53 0.0 0.0 4.7 17.0

51 1.3 1.7 9.3 25.3

39 7.0 6.7 4.7 5.0

27 5.7 8.7 3.3 5.3

49 8.7 9.7 7.7 1.3

9 0.0 12.7 7.7 15.0

36 0.0 0.0 0.0 13.7

79 0.0 1.0 0.0 0.0

65 7.7 7.0 8.7 0.7

41 0.0 13.7 0.0 4.7

37 15.3 0.0 0.0 4.7

33 0.0 0.0 11.3 4.7

36 16.0 9.3 4.0 4.0

58 6.0 5.0 5.3 1.0

107 2.3 2.3 0.0 0.0

39 8.7 8.7 0.0 1.0

113 6.7 12.3 0.0 3.3

97 0.7 0.0 0.0 0.0

32 8.7 9.0 9.0 7.7

37 0.0 0.0 0.0 2.7

39 35.0 43.7 43.0 63.0

76 28.0 41.3 30.7 57.7

77 7.3 25.3 18.3 4.0

46 0.0 0.0 7.0 0.0

45 0.0 0.0 142.7 10.0

45 0.0 0.0 64.3 13.0

42 0.0 0.0 16.3 0.0

43 90.7 79.0 54.0 60.0

69 2456.3 1911.7 2277.3 3515.0

25 39.7 41.0 48.0 44.7

58 0.0 1.0 5.0 2.0

31 4.7 9.3 0.7 2.0

47 0.7 3.0 7.7 10.3

44 86.7 100.3 111.3 126.0

21 28.0 25.3 24.3 21.7

25 54.7 62.7 43.3 56.7

20 17.3 18.0 22.7 16.0

30 3.7 2.0 1.7 0.0

88 0.0 0.0 11.0 0.0

17 42.7 41.7 64.3 45.7

14 6.3 3.3 4.3 0.0

18 12.7 0.0 0.0 0.0

8 1.3 2.0 0.0 0.0

113 10.3 8.7 0.0 20.0

110 0.0 0.0 6.3 20.0

112 13.3 13.3 14.3 38.0

114 45.3 59.0 49.0 126.7

35 0.0 0.0 0.0 0.7

32 30.7 20.7 46.3 49.0

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

56 20.0 21.3 14.3 31.7

54 1.0 0.0 0.0 0.0

55 3.0 4.3 0.0 13.7

31 1.3 1.7 0.0 0.0

35 0.7 0.0 0.0 1.0

79 0.0 2.7 0.0 11.0

38 15.7 2.7 0.0 0.0

20 2.0 1.0 0.0 0.0

92 14.0 13.7 8.0 13.0

52 1.7 3.0 4.0 1.7

35 0.0 0.0 0.0 1.0

282 14.3 3.7 4.3 0.0

62 7.0 6.7 5.3 16.7

32 180.0 161.7 231.3 210.7

23 52.3 63.3 68.0 78.3

13 21.3 21.0 33.3 34.3

18 17.0 15.0 18.0 24.7

39 89.0 60.3 78.3 95.0

12 18.3 27.0 4.3 20.3

17 37.3 18.0 20.0 26.7

71 1.3 2.3 4.3 19.0

252 0.0 0.0 0.0 1.7

48 10.3 13.7 9.3 7.0

55 62.0 61.7 74.0 93.0

52 1.7 0.0 0.0 0.0

90 0.0 0.0 0.7 0.0

19 7.0 6.3 4.7 0.0

98 13.0 11.0 16.7 24.7

22 13.7 17.7 24.3 21.7

39 31.3 37.0 35.7 18.7

74 87.0 100.3 128.0 95.3

63 9.0 8.0 7.0 2.7

24 15.0 16.0 17.0 17.7

17 2.3 4.7 2.7 8.7

73 184.7 205.0 206.0 225.0

32 50.7 48.0 53.0 59.7

19 2.3 0.7 0.0 5.3

59 13.3 8.7 17.3 13.7

36 23.0 26.0 24.7 31.0

50 29.3 45.0 52.0 59.0

47 5.3 0.7 4.0 0.0

56 144.0 154.0 180.3 180.7

56 0.0 0.0 0.0 0.7

39 5.0 0.0 0.0 0.0

41 3.3 6.3 8.0 7.0

16 16.7 13.7 14.3 14.0

25 33.3 34.0 54.0 44.0

61 0.0 0.0 2.0 0.0

42 14.0 13.7 5.0 3.3

21 9.0 10.3 8.0 7.7

25 10.0 14.7 1.3 3.7

26 7.7 4.7 3.3 1.0

16 0.0 36.0 0.0 0.0

29 34.7 39.3 35.3 27.0

21 41.0 0.0 29.3 34.0

32 14.3 12.0 8.7 3.7

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

60 80.3 82.3 43.3 35.0

57 188.0 175.0 142.3 73.0

58 110.7 100.3 78.0 56.7

60 70.3 65.7 59.3 35.3

59 139.0 144.3 127.7 79.0

61 100.0 86.3 81.3 47.0

60 141.7 137.0 107.7 63.0

58 68.7 54.7 44.0 17.0

58 41.7 46.7 35.7 21.7

56 0.0 0.0 1.3 0.0

77 0.0 0.0 0.0 1.0

50 43.0 52.3 71.7 84.0

57 87.3 96.0 130.0 168.0

241 13.3 8.3 3.3 2.0

109 0.0 0.0 0.0 1.3

29 32.0 27.7 39.0 21.3

35 2.7 4.3 0.0 0.0

28 12.0 12.3 10.7 16.0

23 1.7 0.7 0.0 1.3

26 1.0 7.0 0.0 4.0

26 0.0 0.0 0.7 0.7

126 0.0 0.0 1.3 7.7

77 19.7 14.3 16.7 36.0

19 0.7 0.0 0.0 0.0

14 0.0 0.7 0.0 0.0

60 9.3 9.0 6.0 0.0

67 33.7 32.3 39.0 67.7

12 0.0 0.0 2.0 0.0

9 6.3 1.7 0.0 0.0

60 0.7 1.3 0.0 0.0

57 11.7 6.7 0.0 15.0

26 7.3 4.3 4.0 8.0

32 6.0 5.0 0.0 0.0

39 40.0 38.7 39.0 30.3

83 2.7 1.7 0.7 0.0

31 0.0 0.0 0.0 0.7

29 0.0 1.3 0.0 0.0

50 0.0 0.0 25.0 0.0

54 6.7 7.7 4.3 6.0

66 4.3 1.7 1.0 0.0

20 1.3 0.0 0.0 0.0

40 1.0 4.3 1.3 2.7

38 9.3 14.3 3.7 5.0

12 7.0 10.0 2.7 6.7

18 4.0 5.3 2.0 0.0

29 30.7 32.0 36.7 53.7

35 0.0 0.0 1.3 0.0

50 3.0 0.7 0.0 0.0

22 0.0 0.0 10.3 0.0

89 195.3 203.3 220.0 182.7

68 0.0 0.0 7.7 0.0

20 0.0 0.0 2.7 0.0

26 21.3 28.3 20.3 9.0

77 0.7 0.0 1.3 2.3

33 11.7 12.7 5.0 0.7

88 5.0 0.7 0.0 0.0

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

32 8.0 8.7 4.7 5.7

20 21.7 24.0 7.7 13.7

68 0.0 1.3 0.0 0.0

21 2.7 0.0 0.0 1.3

20 25.3 22.0 21.7 42.7

25 7.0 7.3 4.3 4.7

25 53.7 55.0 57.7 44.0

23 29.7 22.0 12.7 18.3

25 0.0 1.3 0.0 0.0

26 15.3 25.3 26.0 9.3

26 3.0 0.7 6.0 0.0

25 24.0 28.7 16.0 15.3

27 35.7 21.0 17.7 23.0

26 1.7 0.0 2.0 0.0

22 26.3 25.0 27.3 33.3

16 0.0 0.0 0.0 2.0

19 32.0 28.0 35.0 34.3

39 0.0 1.3 0.0 0.0

21 0.0 2.0 0.0 2.3

63 0.0 6.0 5.3 8.7

18 8.3 8.7 13.0 20.7

17 0.0 2.3 1.0 0.0

16 9.7 7.7 6.7 18.3

34 15.0 15.3 7.3 17.3

83 500.0 551.3 546.7 530.3

51 222.0 238.7 257.0 251.0

31 61.3 55.7 73.0 74.7

66 0.0 0.0 2.0 0.0

83 1.3 1.0 1.3 8.3

138 93.7 87.7 32.3 70.3

29 0.0 0.0 3.3 0.0

53 16.0 19.0 8.3 0.7

40 0.7 0.0 0.0 0.0

50 4.0 2.3 8.0 4.0

50 7.3 9.0 16.3 12.7

50 436.0 488.7 560.0 541.7

50 0.0 0.0 8.0 0.0

50 0.0 0.0 10.7 0.0

50 0.0 0.0 1.0 1.3

50 9.3 5.3 18.3 3.3

50 628.7 701.7 865.7 810.3

50 1.0 0.0 10.0 0.0

19 1.3 1.0 0.0 2.3

52 0.7 0.0 0.0 0.0

128 33.3 37.7 26.0 37.0

26 14.3 11.0 7.7 6.3

26 13.0 11.0 8.7 10.7

27 1.3 4.0 0.0 0.0

18 49.0 52.7 19.7 42.0

17 1.0 0.0 0.0 0.0

118 44.3 48.3 37.0 22.3

118 3.7 1.0 0.0 0.0

57 0.0 0.7 1.0 0.0

57 0.0 1.0 0.0 0.0

177 89.0 52.3 14.7 25.3

175 2.0 0.0 0.0 0.0

Contd....

Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

63 0.7 0.0 1.7 2.3

67 0.7 0.0 0.0 0.0

17 4.7 0.7 0.0 0.0

34 0.0 0.0 0.0 5.3

63 0.0 0.0 0.0 2.3

24 7.3 3.7 1.7 6.3

37 145.3 95.0 112.3 100.3

20 9.3 10.7 8.7 9.7

19 4.0 5.3 5.7 15.0

119 6.0 0.7 1.0 6.0

25 4.3 1.0 0.7 2.3

42 2.0 0.0 0.0 2.3

34 9.7 7.3 7.7 14.0

62 0.0 0.0 0.0 0.7

41 15.7 21.7 19.7 35.0

24 14.3 10.0 15.7 19.7

29 0.0 0.0 0.0 4.3

104 0.0 0.0 0.0 1.0

36 0.0 1.0 3.0 1.0

197 0.0 0.0 0.7 0.0

19 11.3 17.0 20.7 47.0

21 0.0 0.0 0.0 0.7

147 21.0 28.3 44.3 112.7

69 24.3 24.0 10.7 0.0

21 0.0 1.3 3.0 6.3

42 5.0 1.0 6.7 2.7

23 16.0 12.3 25.3 26.7

19 8.7 6.7 1.0 0.0

18 0.0 1.0 0.0 0.0

24 7.7 7.7 6.3 9.7

11 4.3 6.3 3.0 1.0

6 5.7 1.3 5.7 0.0

57 0.0 0.0 14.3 4.7

56 15.7 16.7 0.0 4.7

41 0.0 0.0 1.3 0.0

356 0.0 2.3 0.0 3.7

33 0.0 0.0 0.0 1.0

140 165.7 141.0 28.0 1.7

70 90.3 108.0 144.7 109.0

11 45.0 43.3 38.7 28.3

16 0.0 1.3 0.0 0.0

33 47.7 39.7 34.0 43.3

83 19.7 18.7 6.0 2.0

25 16.3 8.7 4.3 0.0

40 59.7 67.0 61.3 35.3

54 1.7 1.0 0.0 0.0

117 2.3 0.0 0.0 0.0

20 0.0 0.7 0.0 0.0

31 5.3 2.3 4.3 0.0

33 23.7 21.0 9.7 3.0

31 21.7 15.0 4.7 4.3

129 26.0 25.3 27.3 31.7

32 4.7 1.3 0.0 1.3

68 20.7 3.0 3.3 0.7

57 12.0 2.0 0.0 0.0

40 3.7 1.3 0.0 0.0

Contd....



Supplementary Table 1: Contd...

MW Average SC

F1 F2 F3 M

14 1.0 0.0 0.0 0.0

28 29.7 29.0 29.0 36.3

214 0.0 0.7 5.7 15.0

34 0.0 0.0 0.0 1.3

103 0.0 0.0 0.0 1.7

149 0.0 0.0 6.3 10.3

192 0.0 0.7 0.0 12.0

75 2.0 0.0 0.0 0.0

39 2.0 0.0 0.0 0.0

42 0.0 0.0 0.0 6.7

55 0.0 0.0 0.0 1.3

34 24.3 7.7 2.3 7.0

40 188.3 209.3 270.7 348.7

39 13.0 20.3 17.7 24.3

MW: molecular weight; SC: spectral count


